Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 




HORIZONTAL BACK-ACTING 

roMporxD - scRKw k\(;t\k 
Li GUNBOAT No. 2. 

"I' -H70 TltilH liIBl't,A<:K«KST. 



THE ENGINE WFH ITS AUXILIARIES OF 1,300 I. H. P. 






>-< 



PRESENTED TO 
OF THE 

UNIVERSITY OF MICH 




Mhi. Ubraiy 

' 727 

.H7 



»' 1 •• 



SPECIFICATIONS 



HORIZONTAL BACK-ACTING 

COMPOUND - SCREW ENGINE 



FOR 



GUNBOAT No. 2. 



OF 870 TONS DISPLACEMENT, 



TO BE NAMED THE 



THE ENGINE WITH ITS AUXILIARIES OF 1,300 I. H. P. 

UNDER FORCED DRAUGHT; 

INCLUDING 

BOILERS, SCREW-PROPELLER, AND ALL APPENDAGES AND 
APPURTENANCES COMPLETE, TOGETHER WITH A 
LIST OF TOOLS, INSTRUMENTS, AND DUPLI- 
CATE PIECES TO BE ITTRNISHED. 

WASHINGTON: 

GOVERNMENT PRUmNG OFFICE. 
1886. 



I N" D K X. 



Air-WHks, l«.ik-r 33 

Air-|iiiiu)i 22 

Air-pi'cssiire giiii^eB 'it 

.Vir-ticlittire-riHim Xi 

Aii(;l>-», lieaiiw, etc BH 

A»b-<lnnii.8 Xi 

AhIi-IloLhI X-> 

Ajtli-i-auH...^ 27 

Anli-pit iIooVh 'J7 

Asli-Hliriiiklura 54 

AttauliiuriitH, l>oiler 29 

AttiU'hiiiuutof viUvM to liull . 4!) 

AuKJIiiir.v ciiiKlttnser 3ti 

Auxlliury eiiKiueHtup-valved.. 43 

Auxiliiiry e\)iaui9t-pi]>e«i 3r* 

Auxiliary futil-piiifit 39 

Auxiliary f<4Hl-|innip 35 

Aiixilinry sti-alii-pipeH 38 



i(i!arin){it, Ihriist 1 

ll(Miriii|;!i, rnvoraing ruck-eliaft 

lleariu)(H, sti^rD'tulMi 1 

ItMiriniCN, vitlv«-niotiuii rock- 

Hhitfi 

BIIko Hiid fire-piimp 3 

lUlgi) Hurt lull .piptw 4 

«[]«« siicti«u-valve» 4 

HlBmltT-pipu 3 

Blower* 3 

JtlowLtii;-i-n|fiiieB 3 

Itlon'-iiipos 3 

lllow-valvcB 3 

Hoilumir-coRks 3 

Itoiler uttaclimpiitn 2 

Boiler auxiliary Btop-valves .. 3 



Boil«r-braeiux 

lloilur-dmioa 

Iloilor-he»clB 

lloiler inniti Htop- valves .. 

Iloilur inaii-iiiileii aud plates .. 

Itoili-r material, tests of . 

lioiler protci'tors, kiiic 

Ibiili-r piiriipin)r-oiit pipeH 

IIuilerHiiiliUca 

Ttoilei'-sliellH 

Ituiler steam -);auKU8 

Boilur-tulies 

lii>ilitr tnbe-slieets 

Hollers 

Ituilors, t«Hls of 

ItultH ami TiiitH 

Itoxi-s.joulnal 

Iloxes, Htiilllug 

BraciuK, Iwiilcr 

Brake, pruptfller-itbafC 

llra^iHeij, roll iir^t ill);- rcHl 

llnlBHCH, criink^shiift 

11 rill HI'- walls 

i(iilkli<-;iclH, pipeN tliruiigh 

BiilkLeaclM, -liaftN tliroiigh .... 



O. 

Caiuitiiii and uLiidhisi, steam . 'M 

CUHUN of failure (i; 

C)istiii)(ii, leBtH <if Bteel 7( 

Chaiit(iiB in ptaDS t>: 

UIiiTk-valves, foed , 31 

Cin'ulatiii)(-plat«s . 1!) 

C in' II lati UK-pump 2: 

Cliimnint;-t[ear, revcrsLiig-arm 1( 

Clothiu): ami la;;)[<iS " 

Gual-lmiikerH, uipeB through.. V. 

, Cocks, boiler air 3: 



Cocks, nylindoc drain 14 

CfHikH, jjaiig" 32 

Cut^ttH mill vhIvch ■!■") 

CumlinHtion-Rhambera 24 

Cum|i]etcil iiiarbitiery, dran- 

iniiH uf 64 

(.'ondt-nwr, Auxiliary 36 

(•onilMiMT, tiii.il. 20 

CuiKlpDHpr, Bi.ctioii-pipe from 

mnin 41 

(.'iii.ilitJDiiH of aitcoiitauce of 

HtKPl 67 

(.'»iin<N.'tii>ic-To<l 1irBBHt« lit 

(.'uiiiipctinii-nHbt, main 13 

CoiiiK-ctinjt-rixl.'i valve-motion H 

rimpIiiiKH, Hhuft 17 

Coiiiilini'H, diwuiniK'i.K 1^ 

(;ov.T8, .-vliinlwr 4 

C(>v<;rM. r.vllndor iiiau-hole.... 4 

t'llVl'I'M, TillVf-pllMt V} 

Cniiik-xhiift 16 

Ciiiiik-^liiift |.ill..«--1)ImkH .... 15 
rviiiik-xUiil'i |>iI1o\v-block 

I'liisB-litiiii gnidcti 13 

(■riiKH-hi'iKlH, main 12 

(?I'ohh-Iii']ii1h, valvf-stem 6 

l'rc«h-tiiil 13 

riiiiai.ii., ii-HtH Af Htvel for CT, 

i'vliiiiliii--<'MHiiittit 3 

CylimU'MiiveiH 4 

CylindiT ilraiu-viickH M 

('y)iui)>-r-lii.illKH 3 



Doom, furunce 26 

Dooni, nptake 28 

DruwinKU of completed ma- 

oliiuiry 6* 

UrsminKH. n'orkine 63 

Drain- cocUn, cylinder 14 

Draiu-pi)H'N and traps 43 

Lh'HiiiH, lioilcr Xi 

Dry-pippB 31 

l)ii]iliu:.ti> pieces 58 



]>am|H>r8, Miioko-pipe 2i) 

Drvk, ircar fur woTkLiiiF valvui 

fnirn t r.S 

DeckH, |iipi-H tbroiitcli 41 

DeukJoK 51 

Uiaeiii;at;inR coapliug 17 

DiBlitlinK apparaliiti 37 

Doure, aHli-]iit 27 



.('(■piilrir-Hti'H]N< and levera 

iiiicim' fruiiien 

niiiiK^Tuiiin iiiHtmnici.tM. . . 

e-moiii tt-letcrsplia — 

I'-riHiiii wntpr-m-rviee . 

■■ Htup-valven 

I--.. l.l.nviuK 

11 iriticH, Mri'iirii.)*, in vrasel 

i'™-'r».mliim- ■■ 
X till list -|ii)>e, lii);li-|>re!<«Dre 
liaiist-)ii)>c. luir-prcHHiire. 



31 



11 



L-lO 



31 



FaL 
Ffc 

FiTcl-piiii'H, niixiliury- 3a 

Ki'i'fl-piiH'N, nii.iu Ha 

F>vd-puiiip, niixiliary H5 

Fiiil-piiiiip, main M 

Fix'-l-lunk 23 

Fi>i-d-tank mi. 't ion-pi jwh 41 

Fire and liilge-punip 36 

Fire-room, air-tight .. 33 

Fire-tool luckB 34 

Fittiii);!!, iiidiratoT 51 

Fittiii({B, pipe 43 

Floor-plat™ 4S 

Frames, eiiKlue 15 

Fiiniaces 26 

Fnniaue-doora .. 26 

Faniace-fronls 26 



Uaaiceii, i>oileT, ateam 82 LaKgi"K ""'' ''lo^I'ing 46 

Uau(;i>B, watnr 32 Lauipa, BupjKirts for 5S 

(Jtar, liftinit STi Lazv-linra 27 

tlMi, Ittbols on iit : Levim, eccenlrio 8 

(iuar, working..... J<t | I,i< vers and gear, ivorkiiig 49 

(ioiv fur working valves from LiftiiiK'K^ar 55 

deck 65 Line-HLafl 16 

(irnvrnt description 1 , Line-abaft pillow-blocki 18 

Uovonior 51! | LiningH, cylinder 3 

Uuvernoi'-throttle 11 , LiningH, valve-«h««t 5 

(jratcs 27 LinkN, valve 9 

<irnti>-l)arii and bearers 27 Lu);-deHk 51 

"iiideH. oroHs-IieavI lit . Iiow-prussurc cxbaaat-pipe .. 



I Lnbri 



. 53 



Haiid-rails 50 

High-presaiire exIiauBl-nipe... 11 

Howi connections 33 , 

Hull, sttaclimeiit of valves to. 45 I 

Hj-drokineters 33 1 



I. 

Iiiclinitor-littinKs and m 
ImlieatofB, r«volnlion .. 
lnB])«ctorH, in struct ions 
InHpector'H ofllee 

Instrnment«, labels on . 
InHlriiiiieiilH, engine-rooi 
Instniiiu'iits and tools,. 



Machinery, drawings of G 

Mncbiui^ry, testa of 61 

Man-lioles and plattw, boiler.. 2 
MHn-)iol<« and cover, cylinder 

Mnli'rinI, boiler 2 

Material, pijie 4: 

MHterial, teats of 6 

Material, teals of boiler 6 

MHti'rinla and 'workmanabip .. 6 



Jackets, cylinder.. 
Jncking-lilocka. ... 

Jet, Btcain 

Jouniiil-bonea 



I O. 

Orticc, inspector'a 63 

Oil-cnpa 53 

, Oil-dripa 54 

I Oil-tanks 56 

Omissions ^l^ 



.>f 



Paintini; 

Pillow-MockH, crank-Hbaft.. 
PilIow-hliu-k», iiiie-Bliaft.... 
Pillow -block brnXHtui, cranl 

Hhaft 

Pij)*, bleeder 

Pipe, iKiilt'r p II III ping-out --. 

Pijx', pHi-upv 

i*ipp, liJKli-prfHHiti'e exliuiiBt 
l'i|>r. low-nrrHsuri> i-xliiiiiHt 
PilK, wictioii, fioiii botlom 

Pitii-B. iiiixili'uVv i>\haii8t ..'."' 
Pip-h. iiiixiliaryfcHi 

I'il.cn! III.."' 'W"M[\'. 

I'll"''- 'liiuu 

l'i|..>s. .Irv 

ri|H's. r<-<-<i-iiiiik Hiiciioii 

I-ijipi.. niniii itleuiii 

]'i|M-H. iiiiilifHul and fitting of . 

PilNfii. tliii-kDeBB of 

l*i|H>H tbii>iixli biilkbeadH 

I'ijH's lliriii]};b coHl-buubvrs. .. 
l*ii«» llii'<>i)f[b docks 

PiHt..ii-ri«l8, iiialii' '.'.['.['.'..V.V. 

I'inlon-nid KriitbuK-lHixos 

l>i i-vulvm.niain 

I'llllLH, l-lllllllCl-H iu 

Pivlhuiiiarv ti-HtH and trialx .. 

ProH'"""". >"!"■"' 

Proi>plli>r-iiIiaf> 

Propeller-shaft brake .- 

Pump, liilge aud tire. 

Piniip, circulatinii 

Pump, auxiliary fneil 

Pump. evaiHiratur-feed 

I'uiiiii. main feed 

I*umi>-i'yliuder8 

Pnmii relief -valves 

Pu III ping-out pipe, boiler 



ItikdintoTM 1 

RB.lins-liiirn 

Kep('iv«r 

li >r.lof«eiKhtli 6 

|{clif r-\ nlvew, cyliuiler 1 

lii'liff-vaivpH, pump 4 

Ki'voiiiiiiir-ann clamping-gear. I 

Kfvp|'iiiii|;--!ear I 

Krvw»LiiKroPk-»Unfte 

Kevf-rsiiiK rock-aliaft hearinicB 

Krvohi.i,.ii-i...iiciitoi-H » 

KiveW juiiifs 2 

l(Lv.-t». testH.if « 

Kiii'k-iilmftn. icverHiuiir 

itiHik-Hliaft lienriiiKH, reviTBing 

■{(wk-Hliiiftn, vnlvH-motiuu 

Itiiik-Hliiift iH'urinfCH, vnlve- 



Knddli^K, Imilei 2H 

Safety -valves HI 

Salinitnieter-pote 32 

St-ren-iHopeller 20 

S«ii-Hui'tioii pines JU 

Sea-valves U 

tjeonriiig engines in vessel SB 

tJentiuel-valves 31 

SeparMor 38 

SliBfl, crank 16 

Shaft, line 16 

Shaft, propeller 17 

Shaft, thrust 16 

Shall -coup lings IT 

Shafts 16 

Shafts, reversing 8 

Shafts, valve-motion rook 9 

Shafts, tesU of st«el 69 

Shafts tbronsh b<].lfc.li«Ad& •&> 



SirterwU 13 

Smoke-pi po 2B ' 

Siiioke-piiie ilnnipeTH 2!) 

SpeHkiiiK-tiibea 52 

Steam- Kaiii^H, boiler '32 

Stenin-iackutB 3 

Steaiii-jct 29 , 

StvHUi-piped, anxiliary 3K 

SteKiti-pipcH, main 38 

Steniti-iHirtH 6 

Stciiui-tu lie cleaner 36 

Stenni-n-iiKliasBftni] capdtan.. 36 

Steel, teHtd of 66 

Steel p^Htiiigs, tests of TO 

Sti-ei sliuftn, tests of 69 

Stefl for eruiaera, teBts of 65 

Sti.-ru-t II he bearing 19 : 

8t«-i'ii-tiibe Htiiltiuic-box 20 : 

Stop-valve«, auxiliary engine. 43 ■ 

$tiii>-valve», main enfjine 4 

Stop'VHlveH, lioiler, anniliaTj. 30 

Stop-vnlvH), boiler, main 30 

.StrupB and levers, eccentric .. 8 

Stiiinng-lioxeB hi 

StiiflinK-buxea, pigton-iod 12 

StiiHinjc-box, stpm-tnbe 20 

Sot'tioii-pipes, hiltte 41 

Suction -pi}ie from l>ottom of 

Fonilauat-r 41 

Suction -pijies, feed-tank 41 

Suction-pijies, sea 40 

Suction-valves, MIge 45 

Supports for lamps I>5 



Tank, feed 

Tanks, oil 

Teleiiraplis, engine-room 

Tell-Ules 

TestH of aneles, beams, etc . . . 
TcHtH of boilers and machinery. 

TcHtH uf boiler material 

Tests of material 

Teslfl, [jneiichLng 

Tests of rivets 

Tests of steel 

Tests of eteei castings 



Tests of steel for c 

TestH of sleet shafts 69 

Tests anil trials, preliminary . 63 

TbiikiioHs of pipes 42 

Throttle, governor 11 

Thrust-bearing 19 

Thnist-shaft 16 

Tic-framesj engine 15 

Tools and Inst rumeuts 57 

Tool-racks, fire 34 

Tra)i8, drain 43 

Trinls nnd tests, preliminary .. 63 

TiilH--Rlean<'r, steam 36 

TniH>-slieets, boiler 24 

Tubes, boiler 25 

Tubes, speaking 52 



Valve, governor throttle ] 

Valve count*ting-rod8 

Valve-chests and covers 

Vslve-cliest linings 

Valve-gear 

Valve-links 

Valve-motion rock-shafts 

Valve-motion rock-shaft bear- 
ings 

Valve-stems, main 

Valve-st^'ni cross-heads 

Valves, bilge-suction < 

Valves, blow i 

Valves, boiler aQxiliary stop . ! 

Valves, boiler main stop . 

Valvon, cylinder relief 1 

Valves, engine stop 

Valves, feed-check i 

Valves, main-piston 

Valves, pomp relief ■: 

Valves, sea J 

Valves, safety 5 



Vftlves, sentmel 31 Weights, record of 

Valves and cocka 45 Whistle 

Valves, attachmento^ to hull. 45 I Windlass and rapstau 

VaTves, gear fur working, from | Working-drawings 

deck 56 Working-tevera and gear 

Ventilators 56 Working-platform 

Vessel, MiCuring engines in .. 59 ; Workmanship and material.. 



SPECIFICATIONS 

FOR A 
HORIZONTAL BACK-ACTING 

COMPOUND-SCREW ENGINE 
BOILERS 

GUNBOAT No. 2, 

OF 870 TONS DISPLAOEMENT. 



S DBIN'O KAD TO T 



GENERAL DESCRIPTION. 
The engine is to be of the horizontal back-acting type, with 
a high-pressure cylinder of 25 inches diameter and a low-press- 
ure cylinder of 46 inches diameter, with a stroke of piston of 
33 inches. The high-pressure cylinder will be forward of the 
low-pressure. Bott cylinders with their heads and covers 
will be steam-jacketed. The cylinder-casings will include the 
valvc-chesta. The main steam-valves will be of the piston- 
type, one for the high-pressure and two for the low-pressure 
cylinders. The valve motion is to be of the radial type shown 
in the drawings, arranged to cut off steam between the limits 
of 0. 25 and 0.66 of the stroke of pistons. The higli-qceaa.- 



are piston will have oue piston-rod, connected to a cross-tail, 
which in turn will be connected to the cross-head by two side- 
rods. The low-pressure piston will have two piston-rods, con- 
nected directly to the cross-head. AH shafts will be of steel. 
The crank-shaft will be in one forging with cranks at right- 
angles. It will rest in three bearings in pillow-blocks con- 
tained in a single casting. The propeller will be thrce-bladed, 
of manganese bronze. The condenser will be c)'lindrica], with 
tubes running fore-and-aft, tlie water passiufj through the 
tube?. The condenser will be built up of brass and com- 
poeition. It will have a cooling surface of about 2,lti6 square 
feet. The circulating-pump will be of the centrifugal type, 
driven by its own engine, and will be arranged to fi-ee the 
bilges of water in case of necessity. The air-pump will be 
inclined and double-acting, worked liy a crank on forward end 
of crank-shaft. There will be iu the flrc-rooni two vertical 
duplex pumpsfor feeding the Iwilers; one to Ive used as a feed- 
pump only, and the other one also as nn auxiliury fire, bilge, 
and distiller- pump. There will be two cylindrical horizontal 
fire-tube boilers, with tul>ea back of furnaces, to <arry a work- 
ing pressure of 100 wHinds by gauge; eath boiler to be 
about 18 feet4i inches long and 8 feet H inches diameter. The 
boilers will have a total grale surface of 93 square feet and a 
beating surface of 2,79G square I'eet. There will l>e one fixed 
smoke-pipe, about 41 feet 6 inches high above die grates. 

The fire-rooin, running athwartsliips, will be arranged to 
work under air-pra-surc when reqnirwl. There will be two 
blowers, capable of supplying each 10,000 cubic feet of air 
per minute under a pressure of 4 inches of water. There will 
be an auxiliary pump for bilge and fire use. There will l>e 
an auxiliary couilenscr into which all auxiliary machinery 
can exhaust. There will be steam reversing-gear, distilling 
apparatus, a steam ash-hoist, a steam windlass and captaii, 
and Such other auxiliary or supplementary machinery, tools, 
instruments or appanitus as may l>e dew-ribed in the following 
detailed 3i>ecificatious or shown in the nfiicial drawings. 



CYUNDER-CABINGS. 

The cylinder-casings, which will include the steam and ei~ 
haust-ports and passa^^, inhoard heads and valve-chests, are 
to be of cast-iron. The casing for high-pressure cylinder is 
to be 30 inches diameter inside and 1 inch thick ; that for 
the low-pressure cylinder is to be 51 inches diameter and 1 
inch thick. They will be fitted with cylinder linings which 
will inclose an annular space of 1 1 inches. 

The cylinder-heads are to be made with double shells | 
inch thick, amply stiffened by ribs of same thickness. They 
will have suitable openings rored in for the stuffing-boxes and 
accurately bored to receive them. A man-hole will be made 
in the low-pressure head, which is to be bored and faced to 
revive the cover. 

The cylinder-casings will rest upon legs, with sole-plates, 
well ribbed, cast on them, of the same length as the casings, 
11^ inches and 8 inches wide, and faced 1| inches thick. 
The distance from axes of cylinders to faces of sole-plates 
will be AO inches. 

CYLINDER-LIKINQB. 

The linings are to be of close-grained cast-iron, aa hard as 
can be worked. They are to be 1 inch thick, and made with 
flanges and facings, accurately fitted in and secured in the 
casings. They are to be smoothly bored in place to their re- 
spective diameters of 25 and 46 inches, for a stroke of 33 
inches. The linings will be secured in place by bolts passing 
through the cylinder-heads, with nuts on the outside; the joint 
at inboard end of each cylinder being made tight by a copper 
grommet under the flange. A copper wire or grommet, with 
follower and bolts, will likewise be used for packing the ex- 
pansion-joint at the outboard end of each cylinder-hning. 

CYHNDEH-JACKET6. 

The steam jacket of each steam cylinder will consist of the 
space between the cylinder casing and lining, wA ■i'v. 'J&r.XiiSi.- 



low hear! and orjv^r. The ribs of heads and covers will have 
holes U) allow the [/a-^rsage of steam and water. The jacket 
stearn is U> U* taken from the top or side of the main steam- 
pi [>e outside the engine stop- valve. A branch pipe will lead 
to f5af:h sefjarate [Kirtion of the jackets. A drain-pipe will 
Ifia^l from the lowest [>art of each portion of each jacket. All 
the drains frr>m the jacket spaces of each cylinder will lead to 
an approveil automatic trap with blow-through and bye-paas 
valvcfs, thence to the fee^l-tank, with a branch to bilge. All 
the str^m and drain-pi|)e branches to have stop-valves. There 
will lie an a^ijiistiibie rrxlucing- valve in the pipe taking steam 
U) the low-prcsisure jacket. 

CyLINDER-CO\T:R8. 

The cylinder-<jiivers are to be made of the very best cast- 
iron, with double shells J inch thick, well stiffened by ribs of 
same thickness. Openings for man-holes to be cored out, 
bored, and farmed. The covers are to be faced true on the 
inside and rough finished on the outside. They will have 
i'ai%sd flanges 1^ inches thick, and be secured in place by 
wrought-iron l>olts IJ inches diameter with finished nuts. 
I3olts to be spaced not over 5J inches apart. 

CYLINDER MAN-HOLES AND COVERS. 

The cylinder man-holes, one on each cylinder-cover and 
one on low-pressure cylinder-head, will be 16 inches in diame- 
ter, with double-shell covers, finished on the outside. The covers 
will have faced flanges 3 inches wide and If inches thick, and 
be secured in place by wrought-iron bolts IJ inches diame- 
ter, spaced not over 6 inches apart. 

ENGINE STOP-VALVE. 

The engine stop-valve, which will also be used as a throttle- 
valve, will have its composition seat in the casing of the high- 
pressure st(jJim-ohest, and will have an opening 9 J inches 
diameter. The hand-wheel will be of wrought-iron at least 
26 inches diameter. 



The receiver -will consist of the space between the high- 
preseure and low-pressure piston-valves, and their connecting 
pipe. 

There will be a 3-inch pipe, with stop-valve, connecting 
main steam-pipe to receiver; and a spring safety-valve of 2 
inches diameter, with nickel seat on the receiver, loaded to 
40 pounds per square inch abovethe atmosphere. 

VALVE-CHESTS AND COVERS. 

The high and low-pressure valve-chests will have openings 
at each end for inserting and removing the valves, and wUl 
be closed by single |ilate covers well-ribbed, with faced flanges 
at least 3 inches wide and 1^ inches thick. 

The inboard covers will contain the valve-stem stuffing- 
boxes, which, together with the glands, will be of composition. 
The packing spaces will be g inch wide and 4^ inches deep, 
and fitted for either metallic or ordinary packing. Both 
inboard and outboard covers will have, projecting from their 
inner surfaces, suitable guides bushed with brass for sustain- 
ing the weight of the valves. Suitable bosses will be cast on 
the upper surfaces of steam-chests, directly over each steam- 
port, for tlie attachment of approved oil-cups, 

VALVE-CHEST LININOS. 

There will be a working lining at each end of each valve- 
chest. They will be made of cast^steel of the tongbest qual- 
ity combined with a suitable degree of hardness. They are 
to be 1^ and 1} inches in thickness, and will be secured as 
shown in drawing, all joints being made steam-tiglit; and will 
be smoothly and accurately bored in place to a diameter of 16 
incites for the high-pressure and 16 inches for the low-pressure 
cylinder. 



STEAM-PORTS. 

The high-pressure cylinder steam-ports will be 2 inches 
and the low-pressure 2^ inches wide. There will be 10 diag- 
onal, alternating right and left, bridges in each valve-seaL 
All bridges are to be J inch wide. 

MAIN PISTON- VALVES. 

The ^-alves of both high and low-pressure cylinders will be 
mode of composition and fitted with cast-iron wearing and 
packing-rings. The metal in shell of high-pressure valve 
will l>e ^g inch and in low-pressure valves f inch thick. The 
central connecting trunk will be not less than 10 inches inter- 
nal diameter in trie high-pressure valve and lOJ inches in the 
low-pressure valves. Each valve will have bolted to it at 
either end a central boss, with radial arms, for the attach- 
ment of the valves to stems. 

MAIN VALVE-STEMS. 
The valve-stems will be made of foiled steel 2 inches diame- 
ter at their connections with the valves, and increased to 2} 
inches in the stuffing-boxes. They will be thoroughly secured 
to valves, and the nuts retained by a suitable locking device. 
A prolongation of each valve-atem will carry a sleeve of cast- 
iron I iuch thick, which will move id a brass bushing fitted 
in outboard-valve cover, each hushing being provided with 
an efficient lubricating device. 

MAIN VALVB-3TEM CROSS-HEADS. 
The main valve-etem cross-heads will be of forged steel, 
finished all over. Each will be bored to receive its valve- 
stem, and counts-bored for the recessed valve-stem nuts. 

VALVE-GEAB. 

The valve-gear is to be of the radial type, and must be so 
constructed and adjusted as to cut off steam oetween the limits 
of \ aud I of the stroke of the pistons. 



The cutoff of the high-pressure and low-pressure cylinders 
are to be capahle of being adjusted from the working-platform 
iadepeDdently of each other, Wheu cutting off at J-stroke 
there must not be a diEFerence of more than J inch in the 
points of cutting off on the inboard and outboard ends o( the 
cyliuders ; and when cutting off at ^-stroke the difference must 
not exceed 1^ inches. The angular position of the crank- 
arm when steam is admitted must be the same in all gears 
of forward motion. The openings of the exhaust side oi the 
valve when cutting off at §-stroke must not occur later than 
2 inches from the end of the stroke of the high-pressure 
piston and 1 inch from the end of the stroke of the low- 
pressure piston ; and when cutting off at ^-stroke, must not 
be earlier tlian 7\ inches and 3J inches from the ends of 
the strokes of the high-pressure and low-pressure pistons 
resjKctively. The closing of the exhaust side of the valve 
at maxinqum cut-off must not occur later than 4 inches and 
6 inches from the ends of the strokes of the high-pressure 
an<t low-pressure pistons respectively ; and at minimum cut- 
off must not be earlier than 12^ inches and 16^ inches from 
the ends of the respective strokes. The width of the port 
opening fur steam admission must be at least 1| inches at 
maximum cut-off and | inch at minimum cut-off in the high- 
pressure cylinder, and 2J inches at maximum cut-off and 
■^y inch at minimum cut-off in the low-pressure cylinder. 

The distribution of steam in backward gear must be such 
as to permit the engines to be reversed quickly and to run 
astern at maximum power. 

ECCE!rERIC9. 

The eccentrics are tu be forged on the shaft and truly turned 
to an eccentricity of 3J inches, ea<rh eocentric lying at an an- 
gular distance of 188" in advance of the crank of the cor- 
respunding engine. 



ECCENTRIC STRAPS AND LEVERS. 
Each eccentric strap U to be in two parte, of ca-irt-steel, with 
brass biishJDgs securely fitted and truly bored to fit the eccen- 
trics. The two parts to be firmly secured together by two 
bolta of mild steel with lock-nuts and keepers. The two 
parts of the straps to be separated by suitable brass chipping- 
pieces. A prolongation of one part of each eccentric strap 
will form the eccentric lever and will carry two steel pins; 
one connecting with the primary radius-bar and the other 
with the valve connecting-rod. 

RADIUS-BARS. 

The movement of the valves will be regulated by a modi- 
fication of the "grasshopper" parallel motion, carried by arms 
on the reversing n^ck-shaft; each consisting of a primary 
and a secondary radius-bar. Tiie primary radiua-har ie to 
engage at one end with the corresponding pin in the eccentric 
lever and to be guided at the other end by a crank on the end 
of a steel pin working in a bushing at the end of the shorter 
reversing-arm. The secondary radius-bar is to l)e bifurcated, 
and is to engage at its double end with a steel |)in securely 
bolted at a suitable jKiint of the primary radius-bar. The 
other end of the secondary radius-liar i-* to be carried by a pin 
in the end of the longer revLTsing-arni, The radius-bars will 
be of forged steel, with euds us shown, capable of adjustment 
to preserve a constant di^itance bctweeu centers when taking 
up lust motion, 

REVBRSIMi ROCK-SHAI"rS. 
Tlie longfr and shorter rcversing-arms of each valve^ear 
are to be made in one piece, of last-steel, of such form and 
dimensions as to l>e a practically rigid support for the radius- 
bars, and will have a steel pin forced in and secured by 
feaiher-keys to form rock-shaft journals. There are to be on 
this arm suitable means fur attachiug the connections to the 
reversing-eiigine and to the clampiiig-gear. 



HBVEBSING BOCK-SHAFT BEARINGS. 

Each reversing rock-shaft is to be carried by two beariDgs, 
those for the high-pressure engine od top of the forward craok- 
shaft pillow-block, and those for the low-pressure engine oa 
top of the after oraiik-shaft pillow-blo?k. The rock-ehaft 
pillow-blocks are to be of t-ast-steel, bolted to the crank-shaft 
pillow-blocks, and to have coraposition bearings held down by 
ivrought-irou caps and mild-steel bolts. 

VALVE-COXNECTING RODS. 

The valve-connecting rods, imparting the motions of the 
eccentric levers to the valve-motion rock-shafts, will be of 
forged steel with adjustable ends as shown. 

VALVE-MOTION llOOK-SIIAFTS. 

The valve-motion rock-shafls, together with their arms, 
which are to be shrunk an<l keyed on, arc to be of forged 
steel, tiutshe<l all over. 



VALVE-MOTIOJi B()CK-8HAFT BEARINGS. 

The low-pressure valve-nii>tioii rock-shaft will be carried 
in two adjustable bearings, Iwltcd to the low-pressure cylin- 
der-casing. The bearings for the high-prtssure rock-shaft: 
will be carried by a bracket bolted to the high-pressure cylin- 
der-casing, and further supjx)rted by a stauehion stepped on 
the forward engine-frame. 

VAI.VE-I.INKS. 

The links between the valve-motion rock-shafts and the 
valve-stem cross-heads will Ije double, of forged steel, witli 
adjustable conical-ring bearings. 
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REVERSING-AKM CLAM PIN G-G EAR. 
Tbere will be a. damping device for each revereing-arm, 
capable of holdiog it rigidly when the engiDeg are in opera- 
tion, and of being quickly thrown in and out of gear from 
the working-platform. 

BBVEBSIKO-GEAB. 

Each engine will have an independent reversing-engine, 
each consisting of a st«am-cy Under and a hydraulic controll- 
ing-cylinder with a commoD piston-rod. These cylinders to 
be of composition, and to be bolted to the outside engine- 
frames. The steam-cylinderB to be at least 8 inches diameter 
of bore, and the hydraulic cylinders to be at least 4 inches 
diameter of bore, with a stroke of about 14 inches. From 
cross-heads between the steam and hydraulic cylinders bifur- 
cated connecting-rods will lead lo l>elt-cnink8 carri»l in bear- 
ings nn the engine- keelsons. The bell-cranks will be con- 
nec-ted by rod^ with the reveri-ing-arnis. The reversing-gear 
is to be HO adjusted that the reverning-arras (Mtinot be thrown 
over sufficiently far to endanger any jiart of the mechanism. 
The steam-pislons to have approve<l metallic packing, and the 
hydraulic pistom to have double cup-leathers. Stutting-boxes 
to have approved packing. The ste!im-<\vlinders to have pis- 
ton-valvt'R, each giving an opening of not lees than 1 } square 
iufhes. The hydraulic cylinders to have piston bye-fwiss 
valves on the wime stems as the steam- valves. The valves 
are to be worke<l by a diifereiitial scrcw-inotion, so constructed 
that the pistons shall follow the motions of the reversiug- 
lever. There is to 1* a throttle-va've for wieh steam -cylinder 
anil a stop-itKk in the bye-puss pipe of each hydraulic cylin- 
der. The re vers in}!- lever '" to !« wmvenieiitly situated at the 
working-i>latff)rm, and is to l)e fitted with a spring-eat<-h engjig- 
ing in notcht'sinasef-tor — these notches l^infi plainly marked 
ibr the ahead and astern nmtinn and frir the various gnides 
of expansion. The reversinir-lcver will be roniie<ited by rods 
and iH'll-craiiks to the valve-gears wi' Wi\.\v \>iNee^\\\'^-^x\'^^'». 
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There will be at the working- pi at ton u a ctanipiDg-Iever for 
each main-ecgine valve-gear. Tlieee levers will have spring- 
conDectioiis to keep them out of gear when thrown out, and 
will have spring-catches engaging in ratchet- t*!cth to hold 
them in any position desired. These levers will also be so 
connected with the throttles and bye-pass stop-cocks of the 
reveraiug-engines and with the clamps of the reversing-arms 
that the revere in g-gear of either engine may be held firmly in 
any position by a single movement of the lever. There will 
also be a stop-valve in the pipe taking steum to the reversing- 
engines, with its wheel so situated that it may be easily 
reache«l while handling the reversing-lever. The reversing- 
engines to exhaust into the feed-tank or auxiliary exhaust- 
pipe at will, but with a change-valve which must always he 
open to one branch or the other. The bell-crank of eadi re- 
vereing-gear is to have a bar and socket for moving the re- 
vereing-gear by liand. The piston-rods and valve-stems to 
be of phosphor-bronze. The eonnectiug-rods and levers to 
be of mild steel and pillow-blocks of cast-steel. All joints 
pins and bell-crank levers to be of mild steel. 



HIGH-PRESSUBE EXHAOST-PIPE, 

A 14-iuch pipe, with proper allowance for expansion, will 
connect the high-pressure exnaust-aozzle mth the low-press- 
ure valve-chest. 

GOVEENOB-THROTTLE. 

The high-pressure cxhatist-pipe will contain a pivoted 
throttle- valve of approved design, to be worked by the 
governor. 

LOW-PRB8SDRE EXHAUBT-PIPE. 

The exhaust-pipe from the low-pressure valve-chest to the 
coDdenser will he of copper, 16 inches internal diameter. 



MAIN PISTONS. 

Thd main pistons will be of composition, with double shells, 
well ribbcil. The thickne^ of metal in shells to be ^g inch 
and that in bosses around piston-rods 1| inches. Each piston 
will have two cast-iron wearing-rings 4J inches wide t^ch, 
upon which it will rest; these rinps to l>e so fittwl that any 

¥irt of the circumference can be adjusted to take the wear, 
he packing-rings, one for each piston, will be J inch thick 
and 2 inches wide, and will be adjusted bv steel springs of 
proper tension. The followers are to be 1 inch thick, and 
secured in place by eight wn>ught-iron btilts for low-pressure 
piston and six for the high-pressure piston, all to be 1} inches 
diameter. All core-plugs to l)c in the peripheries of pistons. 

MAIN prSTON-RODS. 

The piston-rods are to be of steel, finished to a diameter of 
4| inches for the high-pressuro cylinder and :i^ inches diam- 
eter for the low-pressure cylinder. They will be fitted to the 
f>istoDS and secured by closed counter-sunk com(>08ition-nata 
ocked in (K>sition, and to cross-head and to cnss-tail by open 
wrought-iron nuts, as shown in drawings. 

PIBTON-BOn STUFPING-llOXES. 

The piston-rod stuffing-lwxcs will be made of coin|K>sition, 
and fitted with approved metallic packing, with approved 
device for adjustment while the engines are in motion. 



The cnies-heada will be of forged steel, finished all over. 
Each will be firmly secured to a cast-iron saddle which will 
have a composition slip{)er 18 inches wide, 20 inches long, and 
^ inch thick, secured in place by a flange and four wrought- 
iron bolts, as shown. Each cross- head journal will Ik' 8 inches 
long, accurately turned to 5^ inches diameter. 
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CROSS-HEAD GUIDES. 



Each cn»s-head will move on a cast-iron guide fitted with 
two compoeitioQ hackine^uidea 3} inches wide, each secured 
by 7 wroiight-iron l-ioch bolte. Each croes-head guide will 
be cast io oiie piece and will be securely boltetl to engine-keel- 



CROSS-TAIL. 



The cross-tail of the high-pressure engine will be made of 
steel finished nil over. Each eud is to be fitted with top and 
bottom brass gibs 8 inches long and 3^ inches wide, which are 
to travel on guides cast on the high -pressure engine-frames. 



The croes-fail will be connected to its cross-head by t\vo side- 
rods 3J inches diameter, of mild steel, iinished all over. The 
ends of the rods are to be tajHTed from 3J inches to 2J inches, 
accurately fitted into the eyes of cross-head and cross-tail, and 
secured to them by finishetl wrouglit-iron nuts having recessed 
collars secured by steel set-screws. 

CONNECTING-RODS. 

The connecting-rods are to be made of foiled steel, finished 
all over. They will he 66 inches long between centers, 4J 
inches diameter in neck at cross-head end, 4 J inches at crank- 
pin end, and 5i inches at middle of body of rod. The cape 
will each be secured by two mild-steel bolts 2J inches diam- 
eter, fitted with steel collar-nuts recessed into the caps and 
secured by steel retaining-screws, 

COSNECTING-ROD ItRASSES. 

The brasses at the cross-hesid end of each connecting-rod 
will be 1 inch thick and at the crank-pin end IJ inches thick, 
the latter being lined with approved anti-friction metal in dove- 
tailed strips. The top and bottom lips of each crank-pin brass 
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will be secured to coonectiDg-rod end or cap, as the case may 
be, each by two 1^-inch wrought-iron bolts, tapped into the 
brass. The heads of these bolts to be recessed into rods and 
caps and secured by setr-screws. 

CYUKDER EELIEF-VALVB8. 

There will be an automatic relief-valve, of not less than 4 
inchps diameter, located near the bottom at each end of each 
cylinder. These valves will be kept on their seats by spiral 
springs with approved method of adjustment; the springs to 
be long enough to allow the valves to open to their full extent 
without unduly increasing the load. The valves to be guided 
by loosely -fitting wings. The springs are to bear on iihonlders 
on spindles which fit loosely in sockets recessed in the liacks of 
the valves. These spindles to be to fitted that the valves can 
be moved by the application of a lever. The valves to be 
fitted with casings which will prevent danger of people being 
scalded by hot water from the cylinders and prevent steam 
and water reaching the valve-springs. Suitable fulcrums to 
be on casings for the application of levers for working the 
valves; one lever tu be furnished. All springs to pass a 
satisfactory test, 

CYLINDER DRAIH-COCK8. 

There will be fitted to each end of each cylinder, as low as 
possible, a drainnxKk of approved design with 1^ inches open- 
ing. These cocks to have bottoms cast in their shells and 
to have stuffing-boxes at large end. The shells to have set- 
screws with conical points bearing against the bottoms of cocks 
to prevent setting last. The cocks to be so fitted as to be 
easily overhauled. All the drain-cocks will discharge into a 
pipe leading to the fresh-water side of the condenser, with a 
non-return valve. A branch from this pipe will lead to bilge 
with non-return valve. A cock or valve at the junction of the 
two branches will be so fitted that one branch must always be 
oi>en. Both cocks on each <ylinder to be operated by one lever 
at the working -platform. 



inders and pil low-blo«:ks after they are secured in place in the 
vessel, and will be firmly bolted to them by 2i-inch body- 
bound steel bolts with wrought-iron nuts. 



The erank, line, thrust, and propeller-shafts will be of mild 
st£cl, finished all over. Each length will l)e forged solid and 
have a 3-inch hole drilled axially through it from end to end. 
The diameter of all shafting to be 9 inches. 

CRASK-SHAFT.- 

The crank-shaft will be forged with crunks at right angles. 
The main journals will be finished 9 inches diameter and 18, 
23, and 1 8 iuches loog, respectively. The cnink-wcbe will be 
5 J inches thick. The cranks will befinishwl tua thrownf 16J 
inches', with crank-piiis 9 inches diameter and 12 iDchcs long 
having S-inch axial holes. The crank-pins musl be accurately 
parallel to the main journals. All journals are to be smoothly 
and accurately turned, ami, when finished, will be tested and 
their accumcy proved. The ecccntri<'s will be 4 inches wide 
and 16J inches diameter, with their <«nters 188° in advance 
of the adjoining cranks, A <Tank with 9 inches throw will 
be fixed on the forwanl end of sluift to work the air-pump. 
The shaft will be about lU feet 9 inches long over all. 

LINE-SHAFT. 

The line-shaft will bo made in two sections, counected by a 
discngaging-coupling, the ends of the sections being increased 
in diameter to re<vive the coupling-discs. The forward and 
after sections will be about 6 feet 3 inches and 19 feel 3 inches 
long, res|>ectively. 

THRIJ.ST-SIIAFT. 

The thnist-shaft will be all lUt 9 feet 9 inches long, and will 
have 8 thrast-collars l'2^ inches outsidedmmetcr and l|tuche3 
thick, with Ig-inch spaces. 



PROPELLEB-8HAFT. 

The propeller-shaft will be about 23 feet long. It will be 
coveretl, from 3 inches inboard of the stuffing-box ^land to 
1 iiK-h within the pni[>eller-hiib, by a water-tight conij)ositioii 
oasincr, shrunk on and pinned in place, and smoothly turned. 
Abaft tlie casing the shaft will taper 1 inch in 20 for a length 
of 21 iiiclies, and will be fitl«d with two steel feather-keys 
1^ X 1^ inches in cross-section. Abal^ this the shaft will be 
threaded and fitted with a closed finished com position -nut, 
formed to a fair water-line from the propeller-hub. 

SHAFT-COUPLINGS. 

VII lengths of the main shafting, except the two sections 
of Imt '■hift, will be coupled together by flange-cjuplings 21 
inches diameter, foiled on their ns'pcctive shafts. All these 
couplings to be 2} inches thick except that on crank-slmft, 
which Hill be 2^ inches thick. The bolt-holes will be etiually 
spJcal inJ a« urately drilled to template, or in place, to 2 
inches diameter, six in each coupling. The l>()Itfl will be of 
mild -t(( I finished and snugly fitted, with finished steel nuts. 

IIISENOAGISG-COUPI.ING. 

Tlie disengagiug-coupling discs will be made of cnst-iron, 
each with lour tugs projecting 3 inches. The radial faces of 
the lugs of one disc will be of steel and the opjKJsite ones of 
composition, neatly fitted to each other. The fixed disc of 
the coupling will be keyed to the forward section of the line- 
shaft, and will have holes 2 inches diameter near the circum- 
ference, about 6 inches apart, for the jacking-pins, which are 
to be of steel 9 inches long. This disc will be 47 inches 
diameter, turned on its circumference, and willhavea wrought- 
iron bund 1 inch thick and 5 incites wide, bored and shrunk on. 
The hub will be turned to a diameter of 14 inches, with a 
wr()ught-iron band 1 inch thick and 3J inches wide, bored 
and shrunk on. It will be bored to fit the shaft, and will be 
5142—3 
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secured to it by two steel keys of 1} z IJ inches in croes-seo- 
tion. The sliding-disc will be 31 ioches diameter, and will 
be strengthcDetl by a wrought-inic band ] inch thick and 3 
inches wide; also by two wrought-iroii bands on the hub, 2 
inches thick by 2 inches wide, the space between the two 
last rings to form a circular groove 4^ inches wide for a loose 
collar. The disc will be preveiit«d from turaing on the shafl 
by two feather-keys of 1} x I J inches section, secured in the 
shafL The sliding-disc is to be thrown in and out of gear 
with the stationary disc hy means of a loose col lar of cast-iron 
fitting the groove; which cellar will be attached to a system 
of levers and worked by a tackle. 

PB0PBLLBR-8HAFT BRAKE. 

A cast-iron wheel, turned 30 inches diameter and 3 iuchee 
face, will be Iwlted between the thrust and propeller-shafts by 
the coupling-bolts. It will be surnmnded by a wrought-iron 
friction-band, with suitable levers, screw, and hand-wheel for 
holding the shaft tightly. 

JACKINO-BLCX'KS. 

Suitable blocks will be provided under the fixed portion of 
the disengnging-cnupling to 8up[x>rt the jacks used in turning 
the engine. They will have their tops finished as directfid, 
and will be so filled as to distribute the strain well over the 
frames of hull. 

r.INE-.SHAFT PILIX)W-BLOCK8. 

There will be three line-shaft pillow-blocks, of cast-iron, 
between crank-shaft and thmst-ljearine:, with bottom braases 
18 inches long and 1 inch thick, l)ore<l to the diameter of the 
shaft. The tap of each pillow-block will be of cast-iron, Iwred 
to fit the shaft, and will have ca^t on its upper surface an 
ample oil and grea'«'-oup, <livided into two parts, with hinged 
covers, and fitte<l with tubt* and wick-holdew,-«\'Oft^\\^ss>jS.- 



hole between cupa for exitniiniiig tlie jimnmlii. Tho« jnllow- 
blocks will be securely bolted to foimdBtioDS built in the ves- 
8el and will be fitted with keys for lateral adjustment. 

THRUST-BEARING. 

The thrust-bearing will be made of cast-iron suitably cored 
for circulating water through it, and fitted with composition 
rings, in halves, Ig inches thick, ti> match the grooves Iwtween 
collars of tli rust-shaft. The rings will be prevented from 
turning in their seats by liners t-eciired in place by the cap. 
The cap will be made with lugs locking into the thrust-block, 
and with ample oil and grease-cups, with hinged -covers, fitted 
with tube and wick-holder for each ring. The cap to be 
secured in place by four wrought-iron bolts, IJ inches diam- 
eter, with suitable nut:*. The thrust-block will rest on a 
foundation built in the vessel, to which it will be secured by 
four wrougbt-iroti bolts 2 inches diameter. This block to be 
adjustable in any direction by suitable keys. 

A drain-pipe from the water-spaces will run to engine-room 
bilge. 

STERN-TUBE BEARINGS. 

At each end of the stern-tube, which will be bored 12} 
inches, will be fitted a confii>osition lining, divided in halves 
longitudinally, and secured by a flange and Tobin's-metal bolts. 
The linings will have sections of ligoumvitre, 2 inches wide, 
bearing on end of grain, dovetailed in, and bored to fit the 
shaft loosely. The lignumvitte is to project about ^ inch above 
the surface of the oompositiou lining, and is to be well secured 
in place. The lengtli of beariug at outboard end is to be not 
less than 4 feet and at forward end not less than 3 feet. A 
steel sleeve made in halves, and fastened to boss of stem-poet 
by countersunk screws, will form a fair water-line from stern- 
post to hub of propeller. 



8TBRS-TUHB STUFFING-BOX. 

At th? inbnard end of the aterti-tube a composition stuffing- 
box will be bolted, having a packing opucp, 7 iiiclics deep, for 
ODe-inch packing. The gland will be in two parts, with 1\ 
inches spai-e Ixitween them. The glan<l-stud9 to he of Tobin's 
metal with lock-nnts. A IJ-inch i!rain-cock will be tilted on 
aftor end of stuffinR-bos, outboard of the packing, with a pipe 
leading to the engine-room bilge. 

SCKEW-I'ROl'EM.ER. 

The pro|>eller will be about 9 I'oct !) inches diameter and 
about 12 feet mean pitch. It will be made of manganese 
bronze, right-handed, with thi-ee blades having a total surface 
of about 23.5 square feet, it will l>e cast as smooth as possi- 
ble and will have any roughness removal. The luih will be 
faced and will be bored to actrnmlely fit the tajwr of the pro- 
peller-shaft, \o which it will be secured by two feather-keys 
IJ 3t 1 J inches in oross-section and about 21 inches long. The 
joint between shafl-casing and hub to be made water-tight. 
The propeller will be firmly held on ihe shaft by a nut, else- 
where specified, which will beset up to a water-tight Joint and 
well locked in place. All to conform to drawings. 

MAIN (TONDESSER. 

The condcnser-shell will be (ylindrical, built up of Kheet- 
brass or Muntz metal \ inch thi<'k, well stiflTened by composi- 
tion angle or T-rings, and with com|>osition flanges for the 
tube-sheets. The tulx!-sheets are to be of composition or Muntz 
metal, 1 inch thick, drilled to fit the tul>c9 loosely, counter- 
bored f g inch, and tapped to receive the glands. The glands 
will be of composition and turneil over at ends to prevent craw- 
ling of tubes; they will be slotted at outer ends for <-onvenience 
in screwing into place. Tube packing to be of approved kind. 
There will l)e 1,370 seamles.s-drawii brass tubes, ^ inch outside 
diameter. No. 20 B. W. G., .spaced fl inch bet«'een ceiitie«i.\ 
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they will be 1 1 feet long between tube-sh^ts, giving; a con- 
densing surface of 2,466 square feet. The tubes will be suit- 
ably supported by brass plates J- inch thick, well secured to 
condenaer-shell. There will be horizoutal deflecting plates so 
arranged that they, together with the supporting plates, will 
cause the steam to pafis equally uver the whole of tlie con- 
densing surface. The exhaust and dischai^e- nozzles, the 
water-cliests at ends, man-hole frames, covers, and facings for 
attachment of fittings will be of composition, riveted or bolted 
on, as may be directed. No flanges are to be less than 2} 
inches wide. All composition parte are to be as light as con- 
sistent with sufficient strength and stitt'ness. 

The exhaust-nozzle will be so made that the steam cannot 



impinge directly n{M>u the tu[>os. It will (xtntain a S-inch brass 
pipe perforated for spraying the salt-feed water, and fitted 
with a stop-valve; it will have facincs for attachment of the 
bleeder and auxiliary exhaust pipes. The areas of cross-section 
of the exhaust an<l air-pump suction -nozzles will be 201 and 
40 square inclifs, resjiectively. The air-pump suction -nozzle 
will be connected directly to the air-pump casing. The cir- 
culating-water chest at the inlet end will l)e divided by a 
horizontal diaphragm. This diaphragm wilt be fitted with a 
straightway valve of sufficient opening to allow the water 
from the circulating- pump to pass overboard, without passing 
through the tubes, when required. This valve to have suit- 
able gear for working it and holding it in any position. 

The inlet and outlet openings for circulating water will each 
have a cross-section of not less than SO square inches. There 
will be a man-hole in each division of water-chest and one in 
bottom of fresh-water side. 

There will \k a copper tank, pipe, and cock fitted for the 
purpose of admitting an alkaline solution into the exhaust- 
nozzle. The salt-feed pipe, if nxjuired, will be connected to 
the fire and bilge-pump for the purpose of filling the steam 
side of the condenser. An air-cock will be fitted on the 
highest part of condenscr-ahell. A connection from the 
auxiliary 8teaTn-pi[io will be made to the bottom of the con- 



denser to clean the tubes by boiling. Drain-cocks will be 
fitted on salt and fresh-water sides wnere required, with pipes 
leading to bilge. The condenser must be perfectly tight in 
all }oiuts, and De so proved after being secured in place. It 
will rest on the air-pump at the forward end, and be supported 
by approved means at middle and at after end, ana firmly 
secured. 



AIR-PUMP. 



There will be an inclined cylinder double-acting air-pnmp 
worked by a crank on the forward end of crank-shaft; it will 
have a cylinder diameter of 14 inches and a stroke of 18 
inches. All parts, except as noted, will be made of composi- 
tion as light as possible consistent with strength. The chan- 
nel-ways, valve-chambers, and cylinder will be in one casting. 
Valve-seats to be properly faced and bolted in place. The 
suction- nozzle will be made to mateh the corresponding nozzle 
on condenser. There will be two 7-inch delivery-nozzles 
connected to each other and to the feed-tank by a 7-inch pipe. 

There will be 13 suction and 12 deli very -valves at each 
end of pump, with 4 inches diameter of opening. The valves 
to be of" hard vidcnnized rubber, and te have approved springs 
on top. The pump-piston will have efficient metallic packing. 
The pump piston-rod will be made of rolled phosphor-bronze, 
2| inches diameter, secure<l in the piston by a composition 
collar-nut well locked in place; it will engage with a cross- 
bead working in cast-iron guides bolted to the pump-oasing. 
The stuffing-box will be fitted for either metallic or ordinary 
pocking. The pump connecting-rod will be of forged steel 
2J inches diameter in the necks, with ends, as shown, adjustable 
for wear. The pumi>-caaing will be securely bolted to the 
seating provided for it, and w ill form a support for the forward 
end of condenser. 

The air-pump, t^^ther with the condenser, must maintain 
a vacuum of within four inches of mercury of the weather 
barometer witli the propelling-engines at full power under 
forced draught. 



CIBCDLATING-PUMP. 

The circulating-pump will be of the centrifugal type, of ap- 
proved defliga, made of composition, ami capable of discharging 
3,000 gallons of water per minute against a head equal to the 
veseels draught when usiug steam f>f not over 70 jiounds boiler- 
pressure. The pump to be coiiuected lo take wiiterfrom the 
eea or bilge at will ; it will be located as shown in drawings, 
and will be operated by a special engine of approved design. 
The suction and delivery-nozzles will be 10 inches internal 
diameter. 

FEEU-TASK. 

The fresh-water feed-tank will be made of wrimght-iron 
plate not over -^g inch thick, lo have a capacity of not less 
than 200 giillnns. The Uink to l)e properly secured in the 
en^ne-nHiui. It is tobefittwlos a filter.iind will l)e provided 
with n va|K)r-pi|)e, a fl(«it-valve for preventing awc-ss of air 
to fee<Upum{», a suitable over How-pipe, and a glass gauge. 



There will be two cylindrical, horizontal, direct fire-tube 
boilers, 8 feet 8 inches greatest diameter and 18 feet 4J inches 
loDg, the back end of each Ijoiler being reducetl to 8 feet 1 
inch diameter for a length of 7 feet :Ji Imhes. Each boiler 
will have two cytindrlcal furnaces 40 inches least internal di- 
ameter. The boilers will be plai«d side by side with their 
longitudinal axes fore and aft; they will carry a working 
pressure of 100 pounds per square inch by gauge. The fire- 
room is to be abaft the boilers. 

BOILER HATERIA.L. 

AH parts of the boilers, except as otherwise noted, will be 
of open-hearth mild ste<U. Tlie tubes will be of the best 
WToughb-iron. 



B0ILEB-8HEIJS. 

The boiler-shells will be made of g-inoli jilatoa in the part 
having the larger diameter, and of /^-inch plates in the part 
of lesacr diameter; the joiuls to be as shown id drawings. 

IKIILBR-HEADS. 

The front heads are to be i-iiich thick, each to ix made in 
two pieces, the lower piece or furnace-plate to be flanged out 
and the upper or curved plat^- to be flanged in, the joint be- 
tween the two to be made witli a welt 1 inch thick, as shown 
in the drawing ; the back heads to t>e each i'ormed of two 
^inch plates, both flanged in, and united by a welt of same 
thickness as that of front head. These two welts to extend 
into boiler, as shown, for the attachment of the braces. The 
front head will be flangt^ ontwardlj' lor attathment of fur- 
nace-flues. The upjier plate of front head will be niunded to 
a radius of 34} inches as 8h<iwM, the upper plate of back 
head to 31^ iiichee, and the tower plate of back head to 11} 
inches. 

BOlI.Gtl TUBE-SHEETS. 

The lower plate of the back head will form llie back tube- 
sheet. The front tube-sheet will be the back plate of the cum- 
bustion-chamber, J inch thick. The Inbe-islieetti ninst be 
accurately punillel, 7 feet 10 inches ajmrt. The tube-sheets 
of each boiler will be drilled for 22 feta3-tul)es and 1 76 ordi- 
nary tubes, i\i< shown, and tapped in pluee for the Ktay-tubes. 
All tube-holuH are to be slightly niunded at edges. 

COMltUSTION-ClIAMBKRS. 

The cimibiistion-cliamliers are to lie 9^ inclu;^ deep, niaile of 
^^inch plates, except tnl>e-sheet, which is to lie J inch thick. 
The bottoms to be supported by brackets, as shown in dniw- 
ing. The front plate of aich cotnbiLstion-t-h:iml>er to have 
two Btay-<Iomes as shown. 



BOILER-TUBEB. 

The tabes are to be lap-welded, of the best wrought-iron. 
Every foarth tube vertically and every third tube horizontally 
will be a stay-tube. The stay-mbea will !» 2J inchiis txt«r- 
nal diameter aud -A inch thick; they will be swelled to 3 
iDcbes diameter at the back ends ; they will ix screwed into 
both tube-sheets, being screwed up to a tight joint in the 
combustion -chamber tube-sheet ano made tight at the other 
eud by a wrought-iron nut. The ordinary tubes will be 3 
inches external diameter, No. 1 1 B, W. G., and will be swelled 
to 3jJg inches diameter at the biick ends ; they will bo e-ipanded 
in the tube-sheets by approved ox|)andiug-tool8. The above 
method of tube setting to be subject to change if dirtrted. 

liOII.EH-BHACINO. 

There will be seven 2J-i»<'h i-tays from end to end of each 
iwiler, attached to the welts of hi^ds by 2-inc'h i)ins, aa 
shown: each stay to be in two parts, also joined by [hub. 
There will be two li-inch stays from the front head of each 
boiler to the conihustion-cliumlwr; they will be secured to 
front head by nuts and wiishcrs, and to <'oinbuHtion-<:hainber 
plate by concave and convex nuts turned to fit curves of stay- 
domes. Two gussets of J-inch plates will l»e riveted to double 
angles ou front head and :^llell of eatrh lK>iler on each side of 
manhole. The bmcos to Iw witirely without welds. 

HI VET ED-,rO I NTS, 

The longitudinal joints of boiier-sLelLs will lie double- 
strapped and double-riveted on each side of seams. Tlie cir- 
cumferential joints to be siugle-BtrapjKMl and double-riveted. 
The joints between shells ami liea<Is, au<l between the head- 
plates and welts, will be double-riveted. All other joints will 
be single-riveted. The projxirtions of joints to l>e as directed. 
All plates where possible are to be planed ou their edges. 
All joints will be calked inside and out. All rvv«,trba\.<»,%s% 
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to be drilled in place, or to be punched ^ incb small and 
reamed in place to proper size. Hydraulic riveting to be 
used wherever possible. 

BOILER HAN-HOLES AND PLATES. 

There is to be a 15 x 12-incb man-hole iu the lower part 
of front head of each boiler; it will have a strengthening ring 
of 3 X J~ioch iron riveteil on, and will be fitted with a caf;t- 
steel plate with two wrought-iron doga and bolts. There is 
to be a 1 5-inch circular man-hole in the rounded part of front 
head of each l)oilcr; it will have a cast-steel frame riveted to 
boiler-head and a cast-steel cover bolted to frame. 

FURNACES. 

The furnaces will be corrugated, with welded joints, made 
of -j^ioch plates. They will be 40 inches least internal diam- 
eter and 44 inches greatest external diameter. They must be 
perfectly circukr in crosi-scction at all points. They will be 
flanged at back ends for attachment to combustion-chambers. 
The length of each furnace-flue will be about 9 feet 7^ inches 
over all. 

FURNACE-PRONTS. 

The furnace-fronts are to be made with channel-iron frames 
covered with wrought-iron phites; the inner plates to lie J 
inch thick and the outer ones | inch thick; both plates to be 
suitably [wrforated for nir entry if so directed. The dead- 
plates will be made of cast-iron, so fitted as to be easily re- 
movable. 

FU RN A CE- 1 HX) RH. 

The furnace-doors are to be made with wrought-iron fronts 
^ inch thick ; to have holes for admissiou of air, and dam|>er8 
or r^ulotora to cover them ; each to !« fitted with jwrforated 
wrought-iron inner plate, and with hinges and lat<-lies of 
wrought-iron. 



ASH-PIT IKMIRS. 



The ash-pit doors are to be made of wrought-iron J inch 
thick, flanged 1 iach deep ; to be well fitted to close the ash- 
pits, and arranged to hang by proper hooks on bulkheads 
when not in use. 



Loose ash-pans of ^-ioch wrought-iron will l>e fitted to all 
furnaces, reachiug from frout of ttirnace to bridge-wall. 

BEIDGE-WALI.S. 

A cast-iron bridge-wall of approved pattern will be fitted 
in each furnace. The upper part will be finished with fire- 
brick. The lower part, below the grate-bars, to be furnished 
with an inclined hinged door at least 6 inches high and as wide 
as possible, so made as to be easily opened and shut from fire- 
loom. The bridge-walls to be easily removable. 



Each furnace will have a grate 40 inches wide and 7 feet 
long, making a total grate surface, in both boilers, of 93.2 
square feet. 

ORATB-BAItS ASH BEARERS. 

The principal grate-bars are to be of wrought-iron, in one 
length, of approved pattern. They will bearranged to beshaken 
from the front ends hy proper tools ; these tools to be furnished 
for all furnaces. The bars at sides of furnaces to be of cast- 
iron to fit the corrugations. The bearers to be of wrought- 
iron supported by logs bolted to furnaces. 

LAZY-BARS. 

A lazy-bar with the necessary lugs will be fitted in the 
front of each ash-pit. 



CIRCDLATIKG-P 1,\TES. 



Circulating-plates of J-inch galvanized wrought-iroii will be 
fitted ia the boilers, at sides of tul>cs and fiirnuecs, as may be 
directed. They will lie made iu sections not over 14 inches 
wide and will be securely attached to tlie braces. 



The uptakes are to be made with double shells of wrought- 
iron, built on frames of 21 x I J inches oliannel-iron ; the in- 
side and outside plates to weigh 5 pounds and 3.8 pounds jwr 
square foot, respectively. The space lietwecn the plates to be 
filled with an approved incombustible non-conducting material. 
The walls of the uptakes of the two boilers will join each 
other at about the middle of the height of the l>oilers, but a 
fore-and-aft partition will separate the ga-ses. The uptake 
will be rectangular in cross-section at tlie protective-deck, and 
will be attached to the 8moke-pi])e so as to allow for expan- 
uon. 

rPTAKE D(KHtS. 

The uptake doors will be made of wrought-iron with 
double shells, the outer plates being J inch and the inner 
plat«s J inch thick. The outside plates will he flanged one 
inch and the inner ones 2^ inches. The spa(.-es to be filled 
with non-conducting material, same as in walls of uptakes. 
Wrought-iron hing«s and latches to be filted. 

SMOKE-PIPE. 

The smoke-pipe will be 41 feet 6 inches high alwve the 
grates; it will be made of wrought-imn plates, the lower 
courses to l>e Xo. 8 E. W. G. and the upjier ones No. 9 B. 
W. G. Th« pipe will be 4 feet 6 inches internal diameter, 
expanding in the lower part to rectangular form, 4 feet 11 
inches by 6 feet, where it joins the uptake. It will be so 
Bupported as not to throw any of its weight on <K«. ^'s^aki^. 



It will be divided from the bottom to near the ttq> by a fore- 
and>flft division plate. It will be surrotinded from bottom 
to top by a jacket, 5 feet id diameter, made of plates No. 11 
B, W. G. The jacket-space will be covered by a hood, with 
sufficient interveniog space for the escape of hot air. All joints 
to be butted and stnipped. Suitable stays, eyes, aod ahackles 
will be fitted. A permanent oatside ladder reaching to top of 
pipe will be fitted oe directed. 

SMOKE-PIPE DAMPERS. 
Each division of tlie smoke-pipe, near the top, will be fitted 
with a hinged damper, which will also serve as a cover. A 
drain-trough will be fitted below the dampers, with a drain- 
pipe leading where directed. The dampers are to be worked, 
by approv«« mechanism, from the fire-room. 

STEAM-JJn". 

A steam-jet of approved design will be provided, and fitted 
in the smoke-pipe. 

BOILER-SADDI.ES. 

Each boiler is to rest in three wrought-iron saddles thor- 
oughly secured to tlie hull. The boilers will be bolted or riv- 
eted to doable angle-irons riveted to saddles. 

BOILER-ATTACHHENT8. 

Each boiler will have the following attachments and fit- 
ting, viz: 

One main steam stop-valve; 

One auxiliary steam stop-valve ; 

One dry-pipe ; 

Two feed check-valves, with internal pipes; 

One surface blow-valvc, with internal pipe; 

One bottom bluw-valve, with internal pipe; 

One safety-valve ; 
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Oiie steam-gauge; 

Two glass wateF'^uges; 

Four gauge-cocks ; 

Oue sentinel -valve ; 

Oue aalinometer-pot; 

Two draiu-cocks; 

One air-co<:k; 

One hydrokineter or equivalent- 
All external fittings, unless otlierwise directed, will be made 
of composition. No fittings will be screwed into the boiler- 
plates, out will be flanged aud through-bolted, or attached in 
other approved nianuer. All cocks, valves, and pipes will 
have nipples passing through the plates. Ail internal pipes 
will be of brass, No. 14 B. \V. Gr., and must touch the 
plates nowhere except where attached to shell. The internal 
feed and blow-pipes will be arranged to come between the cor- 
rugations of furuacts. BoIia for attaching boiler fittings will, 
where possible, be screwed through the boiler-plates, with 
heads inside. 

BOILER MAIN 8TOP-VALVE9. 

The main stop-valve on each boiler will be a self-cloeing 
valve, with horizontal spindle, having an opening 7| 
inches in diameter. The valve-chamber will have a flange 
curved to shape of boiler-head, to which it will be bolted. A 
screw-sleeve with a 14-inch hand-wheel will be fitted for clos- 
ing the valve. Separate provision is to be made for closing 
each valve from the upper deck. Each valve-chamber will 
have, below the valve-seat, a facing for attachment of the 
auxiliary stop-valve. The cbamlier of each valve will have a 
flange for the attacliment of the athwartship steam-pipe; 
the starboard slop-valve will also have a fiange for attach- 
ment of the main steam-pipe. 

BOILER AVXILIARY STOP-VALVES, 

The auxiliary stop-valve on each boiler will Ik a 3^-inch 
screw Btop-valve, and will he bolted to the facing provided 
(m the main stop-valve chamber. 



DBY-PIPES. 

There will be tn each boiler, as high as possible and properly 
supported, a T^-iDch brans dry-pipe exteiidin? nearly the length 
of the boiler, perforated on top with 3-iiich lioJce, with a total 
area equal to twice ihe cross-section of the pipe. The front 
end of the pipe will be flange<l and bolted to the boiler by 
the atop-valve bolts. The piiK to be closed at the inner end, 
and to have a ^-inch drain-holo in bottom near each end. 

FEED-CHECK VALVES. 

Each boiler will have two 2i-ineh screw feed-cheek valves. 
The internal feed-pipes will lead downward to near the bot- 
tom of boiler, 

BI.(HV-VALVI-». 

Eacli boiler will have a 2-ineh bottom-blow valve with in- 
ternal pipe lending to near Ijottoni of lioiler, and a li-inch 
Burface-blow valve with an internal pipe leading to the i^iiter 
of the boiler with o]K?nings alwnt one-inch alwve thi' highest 
hcatjng surface. 

SAFETV-VALVKS. 

Bach boiler will have an a<ljiistab1e 5-inch spring safety- 
valve, with nickel scat, adapteil to the btiiler pressure, and fitted 
with approved mechanism tor working it i'nini the fire-room 
and engine-nionj; the valve fittings to lie so constructed that 
the valve can lie ovcrhaule<l without slacking the spring, and 
so that escaping steam will not come in contact with tlie 
spring. The valve will l)e ca.swl in, with a flange on it* case 
for attachment of the esoa|)c-pi|». The seats of the safety- 
valves will l>e raised at least ^ inch above the bottoms of the 
casings, to which drain-])ipes, leading to bilge, will be attacked. 

SEKTIS EL-VALVES. 

There is to be a sentinel-valve of ^ square inch area attached 
to the front end of each bo\\cf,?»ttwSL-«\ftv TSJiN'^S^.'fc -^^^^ 



and notched lever, and weighted lo cloee tightly against a 
boiler-pressure of 150 ponnds per »quiire inch. 

WATER-GAUGES. 

There will l>e on tlie front of each l>oilor two water-gauges 
with outside l-indi pij>es running to top and to near bottom 
of boiler, with valves close to boiler. Each gauge will have 
shut^off and blow-out cocks with at least J inch openings, 
and with handles at least 6 inches long, Imnging down when 
ID working poeltioii. Each glass will be about 16 inches in 
exposed length, and will be iitted with pjisiiy accessible stuffing- 
boxes and glands. The liottonis of exposed parts of glasses 
to be 1 inch below the higlicst heating surface. The glasses 
to be well protected. The blow-out cocks will have drain- 
pipes. The )>ositiun of the highest heating surface to be plainly 
indicated on the gauge fittings. 

GAUGE-COCKS. 

There will be on each boiler, entirely independent of the 
glass gauges, tour gauge-c(x;ks of approved pattern, spaced 6 
inches apart, the lowest <^-oek to be about 4 inches below the 
highest heating surfuuc. The cocks to have drip-pans and 
draiu-pipes, and to be easily worked from the fire-room. 

BOILER STEAM-GAUGES. 

There will be a Ijane's improved spring steam-gauge for 
each boiler, plai-ed where directed, and connected to the Ixiiler 
by an independent piiK', which is to t>e entirely in sight from 
the tire-room. Each gauge is to Imi graduated to 151) pounds 
and to have an 8J-inch dial. 

SAI.INOM ETE R-POT8. 

There h to l>e a salinometer-pot of approved jiattern for 
each boiler, filte<l in an ai-ccssible jK>sition. 



BOrr.ER-DRAINS. 



There will be a l-in<'h drain-cock or screw-plug, as directed, 
fitted to each eod of each boiler. 



HYDROKINETEnS. 



There will be connected to each boiler a AVeir'a hydrokin- 
eter, or other approved appliance for eirculatiug water in the 
boiler while raising steam : proper counections Being made to 
auxiliary steani-pipc. 



BOILER AIR-COCKS. 



A ^-inch cock or valve will be fitted to the highest part of 
each boiler, with pijre leading to bilge. 

7.ISC BOII.KR-I'ROTECTORS. 

Each boiler will have not loss than twelve rolle<l-zinc plates 
about J inch thick, each about 6 x 12 inches or equivalent, 
suspended from the brai-es in iron wire-gauze baskets. Perfect 
metallic fonne<rtion will Im; ma<le Ix^tween the zinc plates and 
the braces by inm strajw bolted to tlie zincs ami ckiiiiped to 
the braces. All points of contact to Ijg filwl bright before at- 
tachment, and the joints uftcrward.-j made water-tight by ))aint 
or approvetl cement. 

AIR-TIGHT FIRR-IiOOM. 

Supplementary bulkheads and ceilings of light galvanized 
iron are to be fitted in the fire-room for the purpose of reduc- 
ing the space to be put under air-prewsure. The ceiling is to 
be luaile movable beneath liut<^^lics. The vertical portion to 
be worked in about the boiler fronts. All |KTniaiient and 
temporary joints and scams to l>e made perfectly air-tight. 
These bulkheads to have ojffinings wliere required, with suit- 
able means for closing them. Suitable allowance for exikon- 
sion will tte made where bulkheads are attached to Iwilers and 
uptakes. 
&142— 6 



There will be two Sturtevaiit blowers, or equivalent, in each 
fire-room. Each blower, together with ita engine, mimt be 
capable of supplying continuously to the fires 10,000 cubic 
feet of air per minute under a pressure of 4 inches of water. 
The blowers will take air from the fire-room ventilators and 
will deliver directly into the firG-room; one blower will also 
be connected to draw air from the engine-room. Means will 
be provided for closing either ventilator in case its blower is' 
stopped. 

BLOWINO-ESOINES. 

Each blower will bedrivendirect by a two-cylinder or three- 
cylinder engine, as may be directed, of approved design and 
of sufficient power to run the blower at full speed with steam 
of 60 pounds pressure. The engines must be sufficiently com- 
pact to leave plenty of head-rooni underneath, and must have 
all working parts closed in but easily accessible for overhauling. 
The throttle of each engine is to be fitted to be worked from 
the fire-room floor, 

AIR-PliESSURE OAUOE8. 

An approved gauge will be fitted in the fire-room to show 
the excess of air-pressure over the pressure of the open atmos- 
phere. A portable gauge will also be supplied, with conven- 
iences for attaching it to the rurna<-es, uptakes, and where 
directed, to measure the pressures as comparetl with the press- 
ure in the fire-room. All these gauges are to indicate prea.s- 
nres in " inches of water." 

FIRE-TOOI. RACKS. 

Racks will l>e fitted in the fire-room, in convenient places, 
for holding all necessary fire-t4>ols. 

MAIN FEED-PUMP. 

There will lie in fire-room, where shown on drawings, a 
vertical duplex pumn of npprovetl design, with a maxvw.'vws 



capacity of 100 gallous per minute, iiiKi with steam-cylinders 
OtBufficient size for the work reqnireil. It will <lniw from 
theses, feed-tank, or bottom of (-ondonsor, iit will, nnd will 
deliver only into main feed-pipe. 



AUXILIARY FEED-l'UUP. 

A duplicate of the main feed-pump will be fitttxl, but will 
be connected to draw from sea, fml-t4ink, bil^*', or Iwilera, at 
will, and to deliver either into auxiliary f«M'd-]tipe or fire-main, 
through distillers, or overboard. 

ASH-HOIST. 

A circular trunk, 21 inches internal diameter, will lead from 
the fire-ivxim to al>out 18 inches above the main-deck for lioist- 
ingashcs. It will bemadoof wrought-iron. No. lOB.W.G., 
butted, strapped on outside and flush-riveted inside. It will 
be fitted with approve<l means of closing at upper and lower 
ends 80 that ashes can be hoisted when there is au air-pressure 
in the fire-room. An ash-hoisting engine of approved design 
is to be fitted, of sufiacient power to hoist 150 pounds from 
the fire-room floor to the deck iu five seconds with steam of 
20 pounds pressure. It will have reversing-gear worked from 
fire-room or from deck, as may be directed, wilh approved ad- 
justable safety-gear to prevent overwinding aod to stop the 
engine when the asli-bucket reaches the fire-room floor. Also 
to be fitted with an approved brake to control the drum. 

The ash-hoist will be fitted with the necessarj- sheaves, whip, 
and all appliances for handling ash-buckets complete. 

ASn-DUMPS. 

From the top of the ash-hoist permanent overhead rails, 
suitably supjiortcd, will lead to the ash-chutes on both sides of 
the vessel. Each of these will be fitted with a traveler of ap- 
proved design, with all necessary appliances for handling the 
ouckets. At the top of each ash-chute a dumping-ho\)^c ^\L 



be fitteil, so arranged ,19 to fold up out of the way w)ien not 
in use. The ash-buckets are to he l>i!ano(xl duuif)- buckets, 
with all neoessary gear <omplote. All the aih-hoisting aud 
dumping-gear ia to be audi that the buckets will not have to 
be lifted by haD<l. 

STBAM-TDBB CLEANER. 

A eteaiu-tube cleaner will he supplied and fittetl with all 
connectiona complete. It is to tie of stitlieieiit length to cloao 
the tubes from tlie fire-room enila, through furna<«a or ash- 
pitfl. It 13 1« be fitted with a wooden handle aud to bestowed 
in a Gunvenieiit nick. It will take steiira from the auxiliary 
steam- pi )>e. 

AUXILIARY CONDENSER. 

There will be in the engine-room, simpended from the deck 
beams, an auxiliary condenser, with n<)t leaa than 1 75 square 
feet of cooling surface, into which the auxiliary exhaust-pipe 
can discharge ivhen desired. The condeusor-shell will be cyl- 
indrical, of copper, with composition flanges, tube-sheets, cheats, 
covers, and nozzles. The tubes will be tittod as in the main 
condenser. The cooling water will be forced through the 
tubes by the engine-rimm bilge and fire-pump. The con- 
densed water will drain into the feed-tank. 

RILOE AND FIRE-PUMP. 

A horizontal steam-pump of approved design will be fitted 
in the engine-room. It will have steam and water cylinders 
of 12 and 7 inehcs diameter res[«)ctively, and a stroke of 12 
inches, or be of equivalent commercial size. It will draw 
water from sea or engine-room bilge, at will, and will deliver 
into fire-main, overlxHtrd, through auxiliary condenser, or into 
engine-room water-service pil>es, 11s desire*!. 

STEAM- WISDLASS AND CAPSTAN. 
There will be on the uppcr-<leck, under the forecastle, a steam- 
windlass of approved design. It will be ocmawARd, ^ -(ks**^ 
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ble gi»riDg with a capstan on the forecastle, fitted with bars 
for working by hand ; the capstan also to bo driven by the 
windlass when required. The windlass will have two wild- 
cats fitted for l^-inch chain, each with brake and clutch. 
The engine must be double, with revei«ing-gear, and beon same 
deck as windlass. It must l>e of sutScieiit power to raise 
both bower-anchors at once at the rate of 6 fathon:? per minute 
with steam of 30 ]>oun(ls pressure. Tliere must be roi»e-druni8 
on both port and starboard ends of windlass-shaft. The 
windlass, caitstan, and engines to be firmly secured in place. 

The contractors I'ur the hull will make all holes in the 
decks for securing the windlass anil oni)stan, and will stow the 
fittings. 

DISTILLING APPARATUS, 

The distilling apparatus will be located as directed, and will 
consist of an evajwrator and a distiller of approved design, of 
a capacity of 1 ,000 gallons of potable water in 24 hours. The 
auxiliary feed-piimp will be uaed for oin-nlating water through 
tlie distiller. The circulating water, after passing through the 
distiller, will go forwanl through a copper pipe for use in 
flushing tlie crew's water-closets, and a branch from tliis pipe 
with suitable valves will leai.1 to the officers' water-closela. A 
bye-pass pipe with suitable valves will connect the discharge- 
pipe of the circulating-pump to the fiushiug-pipe, for use 
when the distiller is shut off. The pump for feeding the 
evaporator will Iiave a capacity equal to a No, Blake pump, 
and will be of the direct-acting ty[>e. The evaporator will 
be felted and lagged, an<l will lie fitted with a safety-valve, 
steam-gaugi', glass water-gauge, gauge-wxJis on pipes leading 
to fire- room, salinometcr-pot in fire-room, a blow-valve, and an 
automatic feeding device of approved pattern; it will take 
steam from the auxiliary steam-pipe and will be fitted with 
an automatic trajt and drain-pipes leading to feed-tank. The 
entire distilling apparatus to be cajiahle of being efficiently 
worked from the fire-room. The distiller will be fitted with 
a filter, and with the pipes necessary for running the distilled 
water into the fresh-water tanks. 



MAIN STEAM-PIPES. 

A T^iiich pipe will connect the two main stop-valves on 
boilers; from the slflrboard- boiler stop-valve a 9-iDch pipe 
will lead to the engine stop-valve. 

AUXILIARY STEAM-PIPES. 
Ad auxiliary steam-pipe of sufScieiit size to supply steam 
to all auxiliary machinery will connect with the auxiliary stop- 
valves on boilers and with the main steam-pipe in engine-room 
and in fire-room. It will have a stop-valve in fire-room 
close to engine-room bulkhead. Branches will connect with 
the blowers, feed-puni|)8, bilge-pump, circulating-pump, 
reversing-engines, windliisn, evaporator, ash-hoisting engine, 
radiators, steam-jet, and whistle, Sfop-valves to be fitted 
where required. There will be a steam-gauge in brass case, 
with about 4J-inch dial, connected to the auxiliary 8t«am-pipe 
in engine-room and at windlass, 

SEPARATOR. 

There will be, in main steam-pipe in engine-room, a com- 
position separator of approved design, properly supported. 
It will have a well-protected glass gauge, and an approved 
steam-trap with drains delivering into feed-tank or overboard, 
at will. 

BLEEDER-PIPE. 

A 3-inch bleeder-pipe will lead from main steam-pipe to 
main condenser, with two stop-valves; one valve to be oper- 
ated from the working-platform. 

AUXILIARY EXHAUST-PIPES, 

An auxiliary exhauet-pipe will be fitted with branches lead- 
ins to all auxiliary engines. It will have valves to direct the 
eznauat-steam into main condenser, auxiliary condenser, or 
eeeape-pipe at will; where it connects with escape-pipe and 
auxiliary condenser, it will have doable sto^'^ais^a,. 
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including coal-bunkers. Each hose is to be fitted ranrplete 
with standard brass coui>ltng», nozzle, and spanners, and to 
have approved means of stowing wliile attaclitd to il^ fire- 
plug. 

EXGINE-ROOM WATER-SERVIOE. 

A S-JDch pipe in engine-room, connected with the auxiliary 
sea-suction valve anti with the <lelivcry of the fire and bilge- 
pump, will have branches leading as follows: 

Two 1^-inch pipes to each main bearing and crank-pin, 
and to thrust^bearing. 

Two 1-inch pipes to each cross-head, and two to circulating- 
pump engine. 

One l-itich pipe to each eccentric and to each line-shaft 
bearing. 

All the above to have detachable sprays or short lengths of 
hoee, as directed. 

Two 1-iuch branches will l>c screwtid into each cnink-shaft 
pillow-block, with holts leading through brasses to U^ps of 
journals. K&vh branch will have a se|>arate valve. All pipes 
and fittings above the floors to l>e of bra'«, |H>li8hcd. 

SEA-Si;CTI<»K PIPES. 

There will be the following 6udion-pi|>ps for seji-wuter: 

A 10-inch pipe from main inject ion -valve to the circulating- 
pump, 

A 5-inch pijm from engine-room sea-suction valve to fire 
and bilgo-pump. 

A 3-incli pi|>e from the same valve to the salt-fceil valve on 
condenser. 

A .'J-inch pijx; from the fire-room sea-suction valve to the 
main feed-pump. 

A 3-incli pijie from the same valve to the auxiliary feed- 
pump. 

A i-inch j)ipe from the same valve to the evajHirator feed- 
pu nip. 
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PEED-TAKK SUCTION-PIPES. 



From the feed-tank separate 3-iiich suction-pipes will lead 
to main and auxiliary feoil-pumps, each with a stop-valve at 
tank and a screw nou-rcturn valve at pump. 

HUtTION-PIPE PROM nOTTOM OP CXINDEN9ER. 

From the air-pump channel-way, below the foot-valves, a 
2-incli pipe will lead to the main feed-pump suction-pipe in 
engine-room, with a screw non-return valve. 

Hir-GE-SU(7ri()S I'lPFB. 

The followinfj pii>ns will lead from lowest part» of bilges to 
the various |uimi>s: 

A 10-inch piiH! from a strainer in engine-room bilge to the 
bilge injection- valve, 

A 5-iiich ]»ipe I roni engine-room bilye to fire and bilge-pump. 

A 3-iiich pipe fr<Mn fire-room bilge to the auxiliary feed- 
pump. 

The two Itft-unntioiied pii>es to l>e fitted above the floor- 
platcs witii Mawimb bilgcMitriiinerH, and to have screw non- 
return valves at pumps, 

KUILEK PHUI'ISO-OUT I'll'BS. 

A 2-ineh pipe will le-.id from each bIow-pii>e, between the 
Iwilcr bliiw-valvcs and the blow Kingston valve, to the aux- 
iliary feed-piimp, with s<'rew stop-valve clasc to blow-pii)e, 
for pumping out lM>iIer. 

PU'EH THKOLHiH JIULKHEADS AND DECKS. 

All pipes pnssing through water-tight bulkheads or decks 
will be made water-tight by stuffing-boxes, flanges, or other 
appro ve<) means. 
5142-6 



Pipes must not be ted in such a manner that the angles ur 
tees of bulkheadB liave to he cut. Holes through wooden 
decks, where pipes pass tlirough, are to have brass or copper 
thimbles, made wnter-tight, extending at least A inches above 
decks. 

PIPES THROUGH COAL-BUNKBRS. 

All pipes passing through eoal-bunkers are Ut be cased in 
in an approved manner. 



THICKNES8 OF PIPES. 

The thickness of metal in the principal pipes will be as fol- 
lows, by B. W. G.: 

Main steam-pipes Xo. 5 

Auxiliary steam-pipea of 4^-inch bore No. 9 

Auxiliary ateam-pipes of Sj-inch Imre No. 10 

Auxiliary steam-pipes of 3-inch bopu No. 11 

Auxiliary steam-pipes of 2-inch bore No. 12 

Main exhaust-pipe No. 10 

Circulating pump-snction and disclmi^-piixis — No. 8 

Bilge-injection pipe No. 10 

Air-pump iliai-hurge to feed-lunk No. 8 

Feed-pump snction-pi|)ea , No. 11 

Feed-pump delivery-pipca No. 10 

BIow-pi|Hs No. 7 

Auxiliary exhaust-pii>e)9 No. 12 

Escape-pijtes No. 12 

Fire and [>ilge-)>unip suction-pipes No. 11 

Connect inns to fire-main No. 10 

Salt-feed pi|)e No. 16 

Dry-pipes No. 14 

Internal feed and blow-pii)cs No. Ifi 

Galvanized wrongbt-icon bilge-suction pipes No. 7 

All piiK-s of whicb the tliickncs-i i.s not given in the alxtvc 
list will I)e made nf approved thickneas. 
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MATERIAL ASD FITlIX<i UF Pll'tlS. 

All pipes, except the lower ends of bilge-^uctiou pipes, or 
where otherwise specified, will l>e of aipper. All feed and 
blow-pipes, nil bilge-suction pijies except the lower parts, and 
all steam-pipes less than three inches diameter, are to i>e 
seamless-<.lrawn. All copper pipes not seamless-drawn are to 
be brazed. All copper pipes over I inch diameter will 
have composition flanges riveted on, culkul, an<l brazed ; under 
1 inch aiameter to have appn>ved composition couplings 
brazed on. All feed and b1ow-pi|>es to have composition 
flanges. All flanges are to be faced and grooved, and joints 
made with approved material. All compiwition Haii^es below 
the floor-plates will be connecteti by bolts and nuts of Tobin's 
metal. All bends in copper pi|)es are to be made one gauge 
thicker than straight parts. All copper pipe T-pi**^i ^i"! 
fittings are to be made of composition. Expansion-joints of 
approved pattern are to l>e fitted wheru required. Slip-joint», 
if fitted, are to have stop-bolls and flanges. The lower parts 
of bilge-suction pipes are to be matle of galvanized wrought- 
iron. All ««pper pipes in bilges are to oe well painted and 
covered with waterproof canva.s, and must not rest in contact 
with any of the iron or steel work of the veasel, 

DRAIN-PIPES AND TRAPS. 

All places where condensed sleum can accumulate will be 
provided with drain-pipes and valves of ample size and with 
approved automatic traps discharging into feed-tank or con- 
denser, as directed, and elsewlierc if re<|uire(l. All traps will 
have bye-pass i)i|)e8 and valves for convenience iu overhaul- 
ing. The lowest part of all water-pipes, and all pumi)-cylin- 
ders and chauuei-ways are to have draiu-cocks or valves, with 
pipes, where required. The handles of all drain-cocks will 
point dowuwanl when closed. 

AUXn.IART EXaiNE STOP-VALVES. 

Each auxiliary engine will have stop-valves in both steam 
and exhaust-pipes as close to cylinders as possible. Exhaust 



stop-valves are to be straiglitway where practicable. All 
pumps except circulatiiig-pnmp will have screw check-valves 
in both suction and delivery-pifies, close to pump-cylindcre. 



PtTMl" RRI.IEF-VAI.VFB. 



All pumps, except ciroulating-punip, will have adjustable 
spriug relicf-valvw of approved design, (wiiiiiectijig the deliv- 
ery aod suction passages. 



There will be the fidlowing sea-valves : 

In engine-riwm: A lO-inoh sea-ini<M:tionvulve, which will be 
a screw-vnlve with india-rubl>cr face closing against the out- 
side pressure, with its liand-wheel at lea^t 3 feet alK>ve the 
eDgine-room floors: A o-inch screw stop-valve with flanges 
ibr the attachment of lire and bilge-pump suction-pipe, the 
salt-feed pii>e, and engine-room water-servk^ pipt-: A 10- 
inch screw stop-valve with india-rubl<er face, closing against 
the pressure in condenser discharge-pipe, for main outboard 
delivery : A valve-lnix crmLiining the t'ollowiug valves ; a 4- 
ineh screw non-return valve for fire and bilge-punip deliv- 
ery; a 4-inch screw non-return valve for auxiliary condensei 
salt-water delivery; a IJinch non-return valve for steam- 
trap dischai^. This valve-box t<) be attached to starboard 
Bide of vessel near the auxiliary aindenser. 

In fire-room : A 5-inch st^rew stop-valve, with flanges for 
attachment of suction-pi{>^ of main and auxiliary feed-pumps 
and of evaporator-pump; also fiir attachment of pii>c to ash- 
sprinklers: A '{-inch Kingston -valve, with flanges for 
attachment of the cocks in blow-pit>es; it is to have a screw- 
atem with a loose nut, which can be used to shut the valve 
when requin^l ; the stem also to have a cross-bar handle on 
top. 

All suction- valves are to have strainers over their i)peuings, 
with J-inch holes; the total area of the holes in each strainer 
to be equal to twice the area of th« va.Wena^viwv'^, "^ti -^-s^*.- 
water is to be delivered above t\ve vi».teT-\\wfe,^^«*-\^'*i*''^'*''*^' 



ATTACHMEJiT OF VALVES TO HULL. 

Around all holes in the skin of the vessel for attachnieDt of 
sea-valvea, steel strengthening-rings, not lees than 1 inch 
thick, will be flush-riveted. To these rings the valve-casing 
flanges will be fastened by Tobio's-nietal collar-bolts, care 
being taken that the bolt-holes arc not drilled entirely through 
the ateel rings. Suction-valve strainers must be fasteneti to 
the valve-casings, nnd not to plates of hull. Zinc protecting- 
ringa will be fitted to all sea-valve openings, flush with skin 
of vessel. 

BILOE-SLCTIOX VALVES. 

All bilge-snction valves will \>o screw non-return valves. 
The main bilgc-injeclion valve will be a 10-inoh valve with 
its hand-wheel at least 3 feet above the engine-room floors. 
The other valves to corrcfi^Kind in size to the nozzles of their 
respective pumps. 

COCKS ANI> VALVES. 

All cocks and valves, and their fittings, exi'ept as otherwise 
specified, will be made of composition. All hand-wheels are 
to be of finished brass, except as otherwise specified, and will 
be at least onc-aud-a-balf times as great in diameter as their 
valves. All cocks com muni fating with vacuum spaces are to 
have bottoms of shells cast in, ana to have packed plugs. All 
cocks over 1 -inch diameter are to have packwl plugs. 

Valves of approved iiattern are to be supplied wherever 
necessary to complete the various pipe systems, whether herein 
8pe<rified or not. AH valves must be so fitted as to l)e easily 
ground in, and be fitted, wlieiT necessary, with grinding-in 
guides and handles. So conical-face*! valve must have a 
bearing on its scat of more than ^ inch in width. All valve- 
spindles must turn right-himdird to close. All valvc-spindlea 
will have outside threads where practicable. Cocks and 
valves may, where approved, have, in lieu of wheels or per- 
manent handles, removable box or sitcket-wrenchcs, marlced 
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and stowed in coDvcnient racks. All cocks and valves under- 
neath the floor-pktcs are to have their wheels or handles atxive 
the floor-plates, in easily accessible positions, unless otherwise 
directed. The sizes of valves as given in these spccilicatioDS 
refer to the diameters of the equivalent clear openings. 

CI/yrHINfJ AND LAGGING. 

The main tylinders and valve-chests, after l>eing finally 
SGcared in place in the vessel and tested, are to be covered witli 
approved incombustible non-conducting material and neitly 
l^^ed with black walnut all over, with polished bnus bands 
and brass lag-acrews. The l^^ing is to be made in remov- 
able sections over eacli cylinder-t-over, valve-chest cover, and 
man-hole cover. The sections to be of such size as to he 
easily handled, and all [)arts plainly marked. The lading 
elsewhere is to be so secured as to be easily removed, replaced, 
and repaired. 

All steam and exhaust-pipes, the sejiarator, and all steam- 
valves are to be clothed in an approved manner with a satis- 
factory non-conducting material, covered with canvas, well 
painted. The main steam and cxhuust-pipcs in engine-room, 
and the separator, are to bo also oovereil black walnut lagging 
with brass bands. 

The steam -cylinders of all auxiliary engines arc to be clothed 
and lagged the same as main cylinders. 

After the Imilers are in place and have been tested and 
painte<l they will t>e covered all over, esrept where directed, 
with asl>estos quilting containing a layer of felt 1^ inches 
thick, or with anprove<l imcombustible non-conducting mate- 
rial. Thb clothing will lye covered on tojis and sides, and on 
fronts where n-quircd, by galvanizc<l wrought-iron plates, 
about No. 18 B, W. G., lapped not less than 1 inch and 
bolted tf^thcr; also secured to boiler-plates in an approved 
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WHISTLE. 



A polished brass steam-whistle of approved pattern, with 
bell 5 inches in dittmctur, will be placed forward of thesnioke- 
pipe, well above the iiwiiings, and <»nnected to the auxiliary 
8teara-pipe by a pipe having u stop-valve at its lower end and 
a workiug-valve at or near the upper end. The pipe to have 
an expansion -joint at lower end. 

RADIATORS. 

Riidinttirs or heating-coils, as may be directed, of approved 
patterns, will be furnished, titted, and connected, with supcr- 
ticial areaK, as follows : 

In the cabin, two of 10 square feet each ; 

In the Commanding Officer's office, one of 2 square feet ; 

In the chart^room, one of 2 square feet; 

In the Paymaster's oliice, one of 2 square feet ; 

In the ward-room, two of 20 square feet encli ; 

In the steerage, two of ^ square feet each ; 

In the steenige-tvnntrv, one of 20 stiuare feet ; 

In the after comjKirtmcnt of berth-deck, one of 20 square 
feet; 

In the middle (Mmpartmentof berth-<leck,oneof 10 square 
feet; 

In the forward coiniiiirtmeut of l>erth-deck, one of 5 square 
feet ; 

Under the foroeastle, such a number as may bedirectetl, with 
total area of 50 st^uare feet. 

Eiich radiator or t«il of more than 5 square feet surface is 
to be divided into two parts, and each of more than 10 square 
feet into three or more pirts —each with its separate steam and 
drain-valve. The radiators in the crew's quarters will have 
tlie valvu-stenvs squareil and fitted with removable keys. 

The steam and drain-pipes are to be of seamless-drawn 
brass of iron-])i|ie size, suitably connected by composition fit- 
tings in u manner that will j>ermit them to be easily taken 
down for repairs. 
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All union-joints to be coned, or to have corrugated copper 
va&hers. All holes througli decks and bulkheads to be thim- 
bled with brass. Steam and drain-pipes to be clothed where 
near wood-work. The steam-pipes will connect with the aux- 
iliary Bteam-pij>es where directed, and will be fitted with ad- 
{'ustable reducing-valves. The drain-pi]ieof each circuit will 
lave an approved automatic steam-trap discharging into feed- 
tank, and elsewhere as directed. 



SHAFTS THROUGH BULKHEADS. 

All shafU passing through waterrtight bulkheads will !« 
fitted with stuffing-boxes. 

FL(H)R-PLATES. 

The engine-room, fire-room, uptake-room, and connecting 
passages are to t>e fliH)re<l with wrought-iron plate» | inch 
thick, with neatly matched flat-topped corrngatiuna running 
fore-and-aft. The plates are to be of convenient size and 
easily removable. They will rest on propiT ledges, of angle 
or T-iron, and will have drain-boles where necessary. Plat- 
forms will be provided for getting at all parts of the niaiu 
and auxiliary engines and boilers. These platforms, where 

£lacc<l over moving machinery, will be fitted the tame as the 
iwer floors. In other places they will be made of iron rods 
5 inch square, placed j inch a[Kirt, 

WORK ING-I'I.ATF()EM. 

The floors forward of the engine, on the starlKiard side, will 
be conveniently arrange*! to serve as a working- platform. 

The counter, revohition-inilicators, clock, gangcs, t«ilegniph- 
dials, and other cngine-nH>m fittings arc to be so placed near 
tlie work ing-pliitii inn as to Iw in full view while working the 
engines. S[)t-aking-lulM' mouth-pieces and telegraph-levers 
are to be amveniently placeil. 



WORKING-LEV BBS AND QEAR. 

There will be at the working-platform the following hand- 
gear: 

One reveriing-lcver; 

Two eyliiicler draiii-oock levers ; 

Two revereing-arm clamping-levers; 

Engine atop-viilve hand-wheel ; 

Bleciier- valve hand-wheel ; 

Keceiver stop-valve iiand-whecl ; 

Revorsing-engine steam stop-valve haud-whcel. 

All working-levern are to have spring catches of "locomo- 
tive pattern." 

I.ABKI^ OK OEAIt A.ND ISSTBrMKSTS. 

All cwks are to Iiiivc engraved brass plates to show their 
OSes, and to indicate whether open or shut. 

All valves, except sudi us may be directed, are to have 
similarly ennKivtii plates to show tlieir uses, or have the same 
plainly engraved on hand-nheels. 

All liund-levers will Ik; similarly marked. 

Gear tor working valves fi»m dwk will lie marked as 
above, or \vill have engraved brass deck-plates, as may be 
directed. 

All main steam stop-valves are to have indices to show to 
what extent tliev are opejicil. 

All gauges, thermometers, countei's, telegraph -dials, speak- 
iDg-tul>e annunciators, and revolution-indicators will be suit- 
ably engrave*) to show to what they are connected. 

All engraving is to be deep and filled in with black cement. 



Ladders will he fitte<l for ivaching the engine-room from 
main and licrth-det^ks, aud the fire-room and uptake-room 
from the main-<leck, and for reaching the various platforms, 
tnd parts of maehiner>'. The engine-room ladders 

61i2— 7 
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will be made with plate-iron sides and light cast-iron treads 
with corrugated tops. The fire-room ladders will be made 
with plate si<les and double square-bar treads. All ladders 
will be so Stted as to l>e eaaily removable where required, aud 
will be joioted and liinged, with necessary fastenings and gear, 
where they have to be moved when closing hatches. 

HAND-RAIJ^. 

Finished brass hand-rails with finished wrought-iron stan- 
chions, easily removable where required, will be fitted to all 
ladders and platforms and around all moving parts of machin- 
ery, and along bulkheads and passage-ways. 

ENOINE-ItOOH INSTRUMENTS. 

The engine-room will be fitted with the following, In full 
view of the working-platform and properly lighted : 

One Lane's improved spring stcnin-guuge connected to the 
main steam -pi pe ; 

One Lnnc s improved spring com |»ouud -gauge connected to 
the receiver; 

One spring vacunra-gauge connected to the main condenser; 

One eight-tluy clock with second-hand ; 

One continuous rotary counter witli [Kisitive motion, to reg- 
ister from 1 lo 1.000,0(10; 

One revolution -indicator, showing on a suitable dial the 
speed of the engines; 

One tel<^rapli-dJut. 

All the al)ove gauges, clock, and counter are to liave dials 
at least 8J inches diameter. 

There will alfo \k the following instruments, attached 
directly to the various jKirts of the machinery in accessible 
positions : 

One liot-well thermometer; 

One feed-water thermometer on ftx.-d-tank ; 

One injection -WiUer thermometer; 
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One discharge- water therraonirt4'r; 

One steam-tbermoDieter in main steam-pipe; 

Ooe mercurial vacuum-gauge on main ^-ondenser; 

One couDteror revolution-indicator on the inrculating-pump; 

One iiteam^auge on auxiliary 8team-pi))e as before specified; 

One eteara^uge, with 4J-in<'h dial, on low-pressure cyl- 
iuder-jackct. 

Each blowing-engine in fire-room will Iwve an approved 
counter or rev obit ion -indicator. Eacli feed-pump will have 
a spring- pressure gauge on its deH\'ery side. 

All instrument casings and fittings to l>e of iiolished brass. 
Tbe thermometers are to be made permanent fixtures, with 
their stems and bulbs protects! by brass covers. 

I/X)-DE8K. 

A desk of iipproved pattern, with locked drawer, is to be 
fitted in engine-room where directed, 

IXDICATOK PITTrN<;8 AND irOTIONS. 

An indicator connection is to be made to each end of each 
cylinder of main engines, as near as possible to the bore of 
the cylinder, and so as to be easily accessible. Each indicator 
when in place is to be connected to but one end of a cylinder. 
The conuecting-pijKs are to be 1-inch bore, without bends. 
The indicator-motion of each engine is to l)e so fitted that both 
indicators on its cylinder can be connected at the same time. 
The motiims of the indiea tor-barrels must l>e aivurately coin- 
cident with the motions of the corresponding pistons. The 
Btsam-cyliudcrs of all auxiliary engines are to have holes 
tappol for indicator fittings and then plumed. The engines 
are to have portable indicator motions fitted, then removed 
and suitably marke<l and stowed. Where auxiliary engines 
are dupliciitod, hut one set of indicator-motion fittings need be 
supplied for all eugineM of each kind. 



ENHilNE-ROOM TELKIRAPHS. 

A repeating-telegntpli of approved pattern is to l)e fitted m 
the engine-room and connecteii tn four transmitters — one OQ 
poop, one on forecastle, the other two where directed. All 
transmitters are to be fitted with duplicate fixd locks and 
keys. The connections are t^ be made in such a manner that 
the chance of derangement shall be minimized. 

SPEA KINO-TUBES. 

Speaking-tubes will be made of copper, not less than No. 20 
B. W, G. Tliey will ooiinect Ihe engine-room with the fire- 
room, the shaft-alley, the Chief Engineer's room, and two places 
on deck where directeil ; tliey will connect tlie fire-room with 
the upper deck close to a.sli-hoist, with the uptake-room, and 
with the berth-deck where directed. 

Each tube will be fitted at each end with a mouth-piece 
and api)roved annunciator, the mouth-pieces to be connected 
to short flexible tul)es where reijuired. The tubes will be 
suitably cased where necessary. 

BBVOLUTION-ISnK^ATI )R8. 

Re volution- indicators are to be of such approved pattern as 
shall not be affected to a ]>crccptible degree by the motion of 
the ship or by changes of temjwniture. They must be worked 
off the engines by positive motions, and must l*e so fitted that 
changes of engine sjwed shall not produce violent fluctuations 
of the indiiTs. 

TELT,-TALES. 

Tell-tales, with proper connections, are to be fittwl in two 
places on deck, where directed, to sliow the direction of motion 
of the engines. 

(JOVEHNOR. 

An efficient governor of approved design is to be fitted and 
connected to the governor-throttle before specified. Lt tuns*. 



be capable of quickly shutting the throttle from its wide-open 
poeitioD and of keeping it wide open when out of action. 
LUBRICATION. 
All working parts of inaehinepy will be fitted with efficient 
lubricators with cai>acity for sufficient oil for four hours 
running. Knch main crank-pin will have an automatic 
centrifugal oilinf; device, fed by a pipe from an oil-box on 
the adjacent engine-frames ; also a telescopic or wiping oiling- 
gear as may be directed. All crank-shaft bearings will have 
oil-cups with wick-liolders and tubes, so arranged that the oil 
passing down each tube to the journals can l)e seen and regu- 
lated. ^Vifiers carried by the upper ends of the eccentric 
levers will furnish oil for lubricating the eccentrics, con necfjona 
of the primary radius-bant with tlie eccentric levers and with 
the seeonttary nidiiLS-bars, and the connections of the valve- 
oonnecting-rodi* with the eccentric levers. These wii^Ts will 
take oil from strips of webbing or other material as may be 
directed, carried by oil-fuiw suitably supported and capable 
of adjustment .so as to feed oil in all positions of the valve 
gear. All moving parts, not above specified, will have 
approved automatic oiling-gear, which will furnish continuous 
lubrication. Eiwh valve-chest is to have a globe or pump 
oil-cup directly over each steam-port and an approved oil-cup 
to lubricate each end of valve-stem. There will be fitted in 
the main stcam-pipc, close to the high-pressure valve-chest, a 
Siebert, or equivalent, sight-feed oil-<'Up of one quart capacity. 
There will l}e smaller sight-feed cups on the circulating engines, 
fire and bilge-pump, main feed- pnmp, and blowing-engines; 
all sight-fee<l cups to have ample condensing surface on their 
steam-pipes. All the oiling of each auxiliary engine is to be 
done from one oil-lxix where practicable. All fixed oil-cupe 
are to have hinged covers, with stojis to prevent being thrown 
too far back. Moving oiI-cui)s will have removable covers. 
The sujijily of oil to various parts is to be easily regulated. 
All oil-cups and their fittings, except su<'h as are cast on 
bearings, will be of finishcil caBt-b^a;^s, easily removable for 
cleaning. 



All fixed beariugfl will have drip-ciips cast on where possi- 
ble, otherwise they will be of caat-brass, properly applied. 
A)l moving parts will have drip-cupa or pans cast on eugine- 
fnuQ^ where possible, otherwise to be substantially made of 
sheet-brass. All drip-cups will have drain-pipes and cocks of 
at least J inch diameter which can be used while the engines 
are in operation. 

ASH-6PRINET.ERS. 

There will be on athwartship bulkhead of fire-room, oppo- 
eite each boiler, about 4 feet from door, a brass nozzle with 
universal Joint, with valve and sea connection for wetting ashes. 

This to be of approved design, and to be secured alongside 
bulkhead when not in use. 

A pipe will lead from the fire-room eea-suction to the up- 
take-rooui, and be fitted with a valve and short length of hose, 
with nozzle. 

JOURXAL-BOXES. 

All journals and moving parts of iron or steel are to run in 
composition boxes; the crank-pin and crank-shaft boxes to 
be lined with an approved anti-friction metal. 

All bearings are tu be adjustable for wear except as other- 
wise directed. All non-ailjustable bushings to be of phosphor- 
bronze. All adjustable bearings to be provided with chan- 
neled brass ehipping-pieces, securely held in place and easily 
removable. 

STUFFING-BOXEH. 

All iron stuffing-boxes will be bushed with composition. 
All glands will be made of composition. Metallic packing 
will he fitted as before specified. All elands will be fitted 
with approved means of adjustment white the engines are in 
operation. 



PUMP-CYLINDERS, 

All pump-cyliaders, together with their valve-boxea and 
fittJDgs, will be made of composition. Air-chambers will be 
fitted on the delivery sides of pumps or in the pipes, as may 
be directed. 

BOLTS AND NUTS, 

All bolt-heads and nuts, except in special cases, are to con- 
form to the United States Navy standard. Screw-threads on 
bolte and nuts must in all aises conform to the above standard. 
All fiuisltod bolts, except as directed, are to be kept from turn- 
inj; by dowels or other suituhle devices. All bolts on moving 
parts and on pillow-blocks and stuffing-boxes, and elsewhere 
as directetl, except wliere specified to be secured in other man- 
ner, lire to be fitted with lock-nuts, and the bolts will extend 
beyontl the nuts without threads; will lie finished hemispheric- 
ally, and fitted with split-pins, 

(iEAR FOR HOBKISQ VALVES FROM DECK. 

The i-ods for working the boiler stop-valves from the upper 
deck will l>e guidwi and .supportwl by cast composition staud- 
anls left roupli and painted. Each rod will bo squared on top, 
and will be fitted with a brass bar-handle which will be suita- 
bly stowwl in liockets on the adjoining hatcli-coaming. The 
tojw of rods will be prote<ited by br.Lss c-aps, 

SUPPORTS FOR LAMPS, 

Supjiorts for lamps will be fitted as and where directed. 

LltTINO-GBAB. 

Effieient lifVing-g0iir,consi3tingof iraveler-l>arsand pulleys, 
deck-beam clamps, turn-bui'klcs, shackles, hooks, eye-bolta, 
and as may be din^-ted, will be fitted wherever re<iuired for 
lifting parts of the machinery for overhauling and repairing. 

Holes will be tapjted in all the principal movable parts of 
machinery for this purpose. 



OIL-TANKS. 

Two oil-tanks of 100 gullous capacity each, aiut one of 50 
gallons rapiioity, will be fitted and well secured where directed, 
with faciliti^ fm* tilling from deck. They will be made of 
wrought-iroQ not less than | inch thick, and will be internally 
stayed if reuuired ; each will have a man-hole and (iiver near 
the top, and a lockeil cock for drawing oil. 

A copper oil-tank of 12 gallons ca|)a(;lty and one of 6 gal- 
lons will \k fitted in engine-room, and one of 6 gallons in fire- 
room, all with lock-oocKs. 

All oil-tanks will be fitted with drip-paus. 

An iron tallow-tank of 60 pounds capacity will be fitted 
where directed. 

VENTILATORS. 

Ventilators, with cowls well above the awnings, will be 
fitted — two to engine-room, two to fire-room, and two to uptake- 
room. 

The engine-room ventilators will l>e 18 inches internal di- 
ameter; they will change to rectangular section at top of en- 
gine-room hatch, and will pass down inside the hatch at the 
forwanl end; air-ducts will load from the bottoms to such 
parts of engine-room as may lie directtd. 

The fint-room ventilators will be '21 indies internal diame- 
ter and will deliver air to the blowerii. 

The uptake-room ventilatory will Im 21 inches internal di- 
ameter; they will extend to within 3 feet of llie uptake-room 
floors; they will have doors at llic upjier deck, and will be 
fitte<l with whips complete for hoiitting ashes. 

The ventilattirs will be made of wrought-iron, Xo. 11 
B. \V. (i., butted and single-strapjjed, ami H ush- rive ted . The 
cowls wilt be movable, made of copjier. No. 12 B. W. G., not 
planished; they will be at least i'd, :J6, and 42 inches in 
greatest diameter, res|>ectiveiy. The base-rings of cowls will 
be of ciist c<»m|)osition, finishe<l on working parts, but hd 
unfinished on the outside. All com'Is will be fitted with at^ 
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prove<l gear for turning them; the uptake-room aod fire-room 
cowls being worketl from deck by polished brass hand-wlieels, 
and the engiue-room cowls from the engine-room by similar 
liand-wheels, or by T-handles, as may be directed. The turn- 
ing-gear to be oi' eompositioD, with wtought-iron spindles. 
Eacli fire-roo»i ventilutor is to have an air-tiglit damper bo 
arranged that it can be easily closed from fire-room in case its 
blower is stopiKid. 

r>'8TRUMENTS AKD TOOLS, 

The following instruments and tools are to be furnished in 
addition to those elsewhere specified, viz : 

Five Tliomjison indtoiitoi's uf standard size, of the latest 
pattern made by the Ainericnn .Steam-Gauge Company: two 
for the liigh-pressure cylinder to have springs of 60 and 40 
pounds to the inch; two for the low-pressure cylinder to have 
springs of 24 and 16 )>ounds; and one for auxiliary engines 
to have springs of 60, 40, and 20 pounds. All indicsitors to 
lie II it'kel- plated, and to be complete with all attachments. 
Each in<licator to be in its own «ise and to be suitably marked ; 
cases to bo conveniently stowwl. Each indicator to have an 
extra ccxrk attachnient. 

Two spiire Wiiter-lhermometers. 

Two spare steam -thermometers. 

One Ntitndanlized thermometer in suitable case, with certifi- 
cate of stiutdardi nation. 

One !*et of wrenches complete for engine-room and one for 
fire-niom, to be fitted to all nuts in their respective compart- 
iiieuts, plainly marked with Btzes, and fitted in iron ra<-ks of 
approved [lattern. The wrenches for nuts of Iiolts less than 
one inch diameter will be finished, and for all over two inches 
diameter will l)e box-wreni;hes, where such can be used. 
So";kct- wrenches to lie furnished where retjuii^eil. Oi)en-end 
wrenches are to I* of steel or of wrought- iron, with csise-hard- 
ened jaws; all others to !« of wroiight-inm or ca.'it-steel. 



One pair of taps, on rod, for tapping front and back tnbe- 
sliec^te of main boilers at one operation. This is to be a du- 
plicate of that used in originally tapping the sheets, and is to 
be 80 packed as to be perfectly protect^ from injury. 

Fixed trammels or gauges for lining up crank-shaft verti- 
cally and horizontally; marks for this purpose being made on 
brass plates let into the pillow-block frames. 

Fixed trammels for setting the radius-link centers at their 
proper distances. 

Fixed trammels for setting the main valves without removing 
covers ; marks being made on the valve-stems for this purpose. 
All trammels to have protecting cases. 

Two complete sets of fire-tools. 

Six coaI-1) tickets. 

Four ash-buckets. 

All instruments and tools to be |)roperly stowed. 



DDPLICATE PIECES. 



The following duplicate pieces, in addition to others speci- 
fied, are to be furnishe<l,' fitted, and ready for use, viz : 

One set of valves for each pump ; 

One seat, with guanis and Iwlts complete, for foot-valves, 
and one for delivery-valves of air-pumps; 

One-half set of foUower-bolti and nuls for each steam- 
piston, and one for air-pump piston; 

One-half set of springs for tuch steam-piston ; 

One set of brasses for each crank-sliafl Journal ; 

One set of brasses for each crank-pin jouniai; 

One set of brasses for each ci-oss-heiid journal ; 

One coni}H»sition shoe for each cross-head ; 

One set of brasses for thnist-hoariiig ; 

One compkto set of brasses for each main engine valve- 
gear; 

Six pba^phor-br.mze bushings for each non-adjustable joint 
of valve-gear; 

One set of cii[>-IcatluTs for cacii revcrsing-gear; 
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One complete set of brasses t'ur iolIi blowing-engine and 
one for circulating- pump engine; 

A Epare piston-rod for each pump-vy Under in fire-room; 

A spare screw-propeller of such dimensions as may be re- 
quired; 

Two hundred couden8er-tul)e8 packed in boxes ; 

Fifty condenser-tulw glands; 

A spare hose and nozzle for steara-tube cleaner; 

Ten stay-tubes, threaded to fit threads in tnl)e-sliects, with 
ends wrapped in canvas; 

Fifty ordinary boiler-tubes, swelled at one end and annealed 
ready for use. All boiler-tubes to be securely stowed in nicks 
or as directed ; 

Ten stay-tube nuts; 

One sjtare spring for each safety-valve and relief-valve; 

One spare iKisket for each Macomb bilge-strainer; 

Qne-eighth of a set of grate-biirs and l)earers. 

All duplicate pif'ces not of brass are to be painted with 
three coats of white lead and oil, and well lashed in tarred 
canvas, with the name jtainted on outside. Brass pieces are 
to be marke<l or stamped. All pieces to be stowed in an ap- 
proved manner. 

SECI:BING ENGISES IN VESSEL. 

The engines will l)e adjusted and lined upon the engiue- 
keetsons by means of hard wooden wc<lges driven from both 
aides of the I>Ciiring surfaces, and when accurately in line the 
spaces around holding-down bolts between sole-plates and keel- 
sons will be filled by accurately fitting wrought-iron horseshoe 
washers, njMin which the holding-down bolts will be set up and 
locked in place. When finally secured all shafting must bo 
accurately in line, with the ve'Hol at load-drauglit and onhnary 
stowage. TJie cylinder-axes must l>e parallel to each other, 
accurately in the plane of crank-shaft, pcnwiidicular to the 
journals, and jiointing to the centers of cnuik-pins. The con- 



tractors for the hull will supply the labor to fit the seatmgs to 
the engines, boilers, ami auxiliaries, and will st^iw haad-gear 
of wiualass. 

MATERIALS AND WORKMANSHIP. 

All castings must be sound and true to form, and before 
being painted must be well cleaned of sand and scale and all 
fins and roughness removed. 

No im))erfect casting or unsound forging will be use<l if the 
defect atfects the strength, or to a marked d^ree its sightliness. 

All nuts OQ rough castings are to fit facings raised above 
the surface. All flanges of castings, are to be faced, and those 
coupled together are to have their edgt« made fair with each 
other. The facings of al! circnlar flanges are to be grooved. 

All bolt-holes in permanently flxed parts arc to l>e reamed, 
or drilled fair and true in place, and the bodies of bolts fin- 
ished to fit them snugly. 

All threads on bolts and nuts are to be of the United States 
Navy standard. 

All pipes beneath floor-plates are to be connected by forged 
bolta and nuts of Tobiu's metal. 

All brasses are to fit loosely between collars of shafting. 

All brasses or journals are to be pn)perly channeled for the 
distribution of oil. 

Packing for stuffing-boxes to be such as may bt; approved. 

All small pins of working ]>artaaretJ> be well case-hnnlened. 

All steel joint-pins of valve-gear are to be hardened and 
ground to true cylindrical surfaces. 

All materials used in the construction of tlie machinery are 
to be of the best (|uality. The iron castings are to be made 
of the best pig-irou, not scrap. 

Composition castings will be made of new materials. The 
various compositions will be by weight as follows, viz : 

For all journal-boxes and guide-gil«, where not otherwise 
specifie<] : 

Copper, 6 parts; 
Tin, 1 [lart; 
Zinc, I part. 
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Tobin's metal : 

Copper, 58.22 per cent.; 
Tin, 2.30 per cent. ; 

Zinc, 39.48 per cent. 

For composition not otherwise specified : 
Copper, 88 per cent. ; 
Tin, 10 per cent,; 
Zinc, 2 per cent. 

Muntz metal to be of the best commercial quality. 

Anti-friction metal to be of approved kind. 

Ornameittal brass fittings are to be of good uniform color. 

All castings are to be increased in thickness around core- 
holes. Core-holes are to be tapped and the core-plugs screwed 
in and locked. 

All steel foipngs arc to be without welds and to be free 
from laminations. 

All flanges, collars, and off-sets to have well-rounded fillets. 

All boiler-plates are to be well cleaned of oxide-of-iron 
scale. 

All flanged parts of boilers are to be annealetl, after flanging, 
in an approve<l manner. 

India-rublier valves are to be of approved kind, of best 
commercial quality. 

All bolts for securing the boiler attachments are to Ite screwed 
through the boiler-plates, with heads inside. 

All work is to be in every respect of the first quality and 
executed in a workmanlike and substantial manner. 

Any portion of the work, whether partially or entirely com- 
pleteil, found defective, must be removed and satisfactorily re- 
placed without extra chai^. 

TESTS OP MATERIAL. 

All materials used in the construction of tlie boilers, shaft- 
ing, anil steel (ra.stings, will be tested in accordance with the 
" IiLstnictions to Insi)ectors," a copy of which is appended to 
these si>ecifications. 



All boiler and condenser-tubes must be tested to 300 pounds 
internal water-pressure before being put into place. India- 
rubber valves taken at random muat sland a dry-heat t«st of 
270° F. for one hour and a moist-heat test of 320° F. for 
three hours without the quality being impaired. 

TESTS OF BOILERS AND MACHINERY. 

Before the boilers are painted or placed in the vessel they 
will be tested under a pressure of J 50 pounds to the square 
inch above atmospheric pressure. This pressure is to l)e ob- 
tained by the application of heat to water within the boilers, 
the water filling the boilers quite full. 

Each higii-preasure cylinder, jacket, and valve-cheat, the 
steam-pipes and vaives. the auxiliary engines, and all fittings 
and connections subjected to the boiler-pressure are to be test^ 
by water-pressure to 150 pounds to the square inch, the low- 
pressure cylinders and connections to 75 pounds, and the con- 
densers to 30 pounds. The pumps, valve-boxes, and Mr- 
vessels of the feed, fire, and bilge-pumps are to be tested to 
200 pounds per square inch. The cylinders and condensers 
are to be tested before being placed on board, and must be so 

E laced tliat all parts may be accessible for examination by the 
nspector during the test. All parts are also to be tested after 
being secured on lK>ard. No lagging or covering is to be on 
the cylinders or condensers during the tests. 



After a satisfactory test the boilers are to be painted on the 
outside with two coats of brown zinc and oil. 

All engine-work, not finished, to be primed with two coats 
of brown zinc and oil, and when placed in position on board 
the vessel will be (minted with two coata of paint of approved 
color. The shafting, when in place, is to be painted with two 
coats of white lead and oil, and the boiler fronts with two coats 
of lamp-black and oil. 
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The Binoke-pipe is to be iJioroughly painted before and after 
erection on board. The ventilators and cowls will be painted 
similarly to the smoke-pipes, except the interiors o{ the cowls, 
vhich will lie iiaintcd vermilion. 

All steam-pipos not lagged with wood will be painted white; 
exhaust-pipes, grceu; water-supply piiies, red; and water-dis- 
charge pipes, Itsad-color. 

PKELIMISARY TESTS AND TRIAJii, 

Steatn is not to be raised in the Iwilers until after tJie water- 
test on board, uulcss desired for drying joints, for whieh pur- 
pose the pivssure must not exceed 10 pounds per square iueli. 

After testing, steam will ht'. raismX in ttie boilers whenever 
required, to t4?£t the eonueetions and the workings of all jiarts 
of main an<l aujciliary eiij^Inos. All expense of such prelim- 
inarv te!?ts will l»t' iHirne liv the (imtractor. 



iNsrKiTOiis urncK. 

A suitable offiw and dnuigh ting-room, pro|>erly titted and 
heated, is to be liii-nislieil by the (.■ontmctor for the use of the 
InsiR'i'tor of Machinery inid his sLssishnits during the building 
of the machiiKTV and its ei-wtion on board. 



All materials and [iiu'ts of machinery must 1k' <'jirefully 
weighe<l by the contractor when ready to go on IxKird the 
vessel, and a rcciird of the weights in detail furnished to the 
Inspector, cirtifieil to by hitn, and reported to the Bur«iu of 
Steam Kngi rici'ring. 



WOHKlN(i-l)l!A\V 



All drawings necessjiry foi- the prosecution ol' the work 
must lie prcjiui-e*! by, and at the exjHinse nf, the cmitiiu^or. 
Those which are merely devt^lopmeuts of the drawings fur- 
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nished and of tli(»e specificntions will be subject to tbe 
approval of the Eiigioeer-in -Chief or of tlio Inspw^tor of 
Maohin<!n% as may lie directed, before the work is ordered or 
comtiienoed. 

All discrepancies discovered in druwiugs, or l)etween draw- 
ings and s[>ecifications, will be referred to the Inspector of 
Machinery, who will keep a record of the same, tf^ther with 
his dccisioDS, and forward it to the Bureau of Steam Engi- 
neering. 

CUAKQES IN PLANS. 

The contractor must make no changes from the drawings 
furnished except as herein directed, or from the provisions of 
these specifi«itious, without preparing complete plans of such 
proposed clianges and ijubmitting the same to the Engineer- 
in-Chief for approval, 

DRAWr.VCiS OP COMPLETED MACHINERY. 

A complete set of general and detail drawings of the machin- 
ery and boilers, as fitted, must be furnished by the contractor, 
certified to by the Insjwclor of Mm^hincry, and forwarded to 
the Rureau of 8team Engineering immediately upon comple- 
tion of the work. 

OMLSSIONS, 

The enfriiicH, l)oilers, uptakes, and smoke-pijx", all auxili- 
aries, piping and cwnnections, all sea-valves (extvi>t the cutting 
of the holes tor the siunc), and all parts describeti in these s[N<ci- 
fi»ittons and in the official drawings are to l>e fitted complete 
to the ves:?cl by the engine contractors, and any part of the 
machinery, or any article i^rtainiiig thereto, which may have 
been inadvertently omitted from these a(H-eifications or from 
the official drawings, but which is necessary for the projier 
completion of the vf^^^el, is to l>e supplied by ilie contractor 
withimt extra charge. 



TESTS OF STEEL FOR CRUISERS. 



INSTRUCTIONS TO INSPECTORS. 



The following rules are prescribed in order to insure the fulfillment 
of the clause of the Act of Congress of August 5, 1882: ''Such vessels 
* * * to be constructe<l of steel of domestic manufacture, having 
as near as may be a tensile strength of not less than sixty thousand 
pounds to the square inch, and a ductility in eight inches of not less 
than twenty-five per centum." 

I. All ship-plates, beams, angles, rivets, bolts, boiler-plates, and stays 
are to be inspected and tested at the place of manufacture by a Naval 
Inspector of Material, and to be passed by him, subject to restrictions 
hereinafter mentioned, before acceptance by the ship-builders, whether 
Government or private, for incorporation into said vessels. 

II. Every plate, beam, and angle supplied for these vessels is to be 
clearly and indelibly stamped in two places, and with two separate 
brands: 1st. With that of the maker, which shall distinguish the name 
of the manufactory or company ; 2d. With the regulation brand of the 
Naval Inspector of Material. The latter not to be stamped upon any 
of the above-mentioned material until it shall have passed an inspec- 
tion for Hurfaco or other defects of manufacture and the physical tests 
have been accepted by the Inspector and have been stamped with the 
maker's brand. 

In case of small articles passed in bulk the above-mentioned brands 
shall be applied to the boxing or packing material of the objects. 

No steel material to be received at the building yards for incorpora- 
tion into vessels except it bear, either upon its surface or that of its 
packing, both of these brands as evidence that it has passed the neces- 
sary Government inspection. 

III. The weight of all plates, beams, angles, <&.c., must be obtained 
by the Inspector of Material before delivery. 

Plates of 121 lbs. per sfiuare foot or less, and strips and bars of 6 lbs. 
per lineal foot or less, may be accepted if the weights vary between 3 
per cent, above and 5 per cent, below the specified weights. 

5142—9 ' (65) 
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All othet p]at«8 And shapes may be ocoepted if the weights vAiy 
betveen the Bp«oified weighta and 5 pet cent, below them. 

All plates and shapes not being within the limits here specified ma; 
be rejected. 



All material, except boiler-plates, sbonld be tested hy heats, aa 
fbllowa: 

A specimen ingot or bloom shall be selected and tolled into a plate 
or bar and test pleoes cat theie^ro, provided always that the test 
pieoM shall have reeeived no more working than that which the 
finished material from the heat would receive. 

Fonr test pieces, of the fonn shown in figure 1, for plates {square, 
OT ronnd, in condition as finished at the rolls, may be used for the tests 
of shapes), shall be made and tested for each heat. 



Fig. 1. 



a 



The length A B must be at least 8 inches of nnifonu cross-section of 
which the area should not be less than i not more than i°; of oneequare 

The rednction of width throughout the length A B mnst be Just 
saffloient to prevent failure in the grips. 

The test pieces mnst uot be annealed anless the finished material is 
to be annealed. 

Each test piece shall lie submitted to a ilirect ti^nsile stress until it 
breaks, in a machine of approved character. 

The initial Htross to he 30,000 pounds per iiquare inch. 

The Bret load to be kept in continuous action for one minute. 

An observation to be luaile of the corresponding elongation meas- 
ured upon tlie uri^inal length of S inches. 

The stress then to lie increased olowly until the principal elastic 
limit is determined, after which additional loads will be added at 
inteivats of time nearly as piwHible equal, and separated by half a 
minute ; the loads lo prmluce an iucrease of stress of 5,000 pounds per 
square inch of original section of ihe lest piece until the stress is oliout 
60,000 pnunils jier square inch of original section, •«\\»;w\vict'e-m.«R'v.». "A 
stress should ;iot exceed 1,01W ponnAa vet mxiav* SiiOa. VAi»«i. ■iN«M* 
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approach to tbe possible nltiniate utrengtb, the load to be increSBed 
gradually and its maximum value carefully noted. 

The final elongation to be that obtained after rupture. 

A liBt. of all ingots made fVom each boat mnat be anpplied to the 
Inspector. Each ingot must be stamppd in his presence with the 
UQinber of the heat. He most also see the teat plate or billet cut off, 
Htnmped, and rolled, and place a private stamp apon it in stich a way 
that each teat piece will have tbe impreaaion of the stamp near one 

C0NDITI0M9 or ACCBPTANCK. 

Id order to be accepted, the average of the four test pieces must 
Bhon' an ultimate tenaite strength of at least 60,000 poands per eqaare 
inch of original section, and a final elongation in 8 inches of not less 
than 25 per centum. 

Material which shows a strength greater than 60,000 pounds per 
square inch will bo accepted, providetl tbe ductility remains at least 
23 per centum. 

If the average of these four test pieces, numbered 1, 2, 3, and 4 
(calledTest I), fall below either of the required limits, the ingot from 

which pieces 1, 2, 3, and 4 were cut shall bo rejected, and Test II made, 
consJKting of pieces 5 and 6, cat from a second ingot; if the mean of 
the results of these two fall below either of tbe above limits, tbe entire 
lot shall 1>e rejected. If it be successful, Test III, or the mean of pieces 
7 and 8, cut from a third ingot, shall decide. 

If in any of the testa 1,11, III, any siuglo piece shows a tensile atrength 
leas than 58,000 pounda, or a final elrmgation less than 21 percent., the 
ingot from wliicb it was taken shall be rejected, and that test consid- 
ered to have failed, regardless of its average. 

quENCiiiMa TEST. 

IV. A teat piece shall be cut from each plate, angle, or beam, and, 
after heating to a cherry -red, plunged in water at a temperature of 82° 
Fab 11; II he it. Thus prepared, it must he passible to bend tbe piece* 
under a press or hammer so that tbey shall be doubled round a curve 
of which the diameter is not more than li times tbe thickness of the 
plates tested, without presenting any trace of cracking. 

These test pieces must not have their sheared sides rounded olf, the 
only treatment permitted being the taking off the sharpness of the 
edges with a flue file. 



iDspectoraroayreqnireacold-beudingtMlwlien considered necessary. 

V. Angle-bars are to be snbjectod to the following additional testa: 
A. piece cnt from one bar in tweut; to be opened ont flat, while cold, 
ander the banimer; a piece cut from another bar in the aarae lot shall 
be closed until the two sides touch, while cold. 

Bulb and T-bara are to be submitted to a closiog test similar to that 
prescribed for augle-bats. 
Bars sabmittedto these testa mustshowneither crooks, clifts,nor flaws. 
RIVBT8. 

Each 1,000 pouuds of rivets ttom the some heat of metal shall con- 
stitute a lot, and be accompanied by two sample bars, each IS inches 
long, foe tensile test. These samples for tensile test shall be cut from 
the bars from which the lot of rivets is made, and be stamped with a 
numl>et which shall also be placed on each box or package of that lot. 

These samples to be subject to the same tensile test as that required 
for the plates. 

The lot of rivets from which this sample bar does not fulfill the re- 
quirements of tensile atrangth and elongation required for plates is to 
be rejected. 

From each lot, aii: rivete are to be taken at random and submitted 
to the following tests, two rivets to be used for each test: 

Ist. Two rivets to be flattened out cold nnder the hammer to a thick- 
ness of oae-half the diameter without showing cracks or flaws. 

2d. Two rivets to be flattened ont hot under the haiomec to a thick- 
ness one-third the diameter without showing cracks or flaws. 

3d. Two liveta to be bent cold into the form of a hook with parallel 
sides without showing cracks or flaws. 

BOtl.ER MATKRIAI.. 

Two tensile test pieces shall be cnt from each plate rolled for boilers, 
and one quenching test piece, which shall be tested as before described, 
except that, in the tensile tests, the initial stress may be 25,000 pounds 
to the square inch. 

The limits of strength for all plates, braces, stays, angles, and 
T-bara, shall be as follows: 

1'he ductility in 8 inches must not be less than 25 per centum, and 
the ultimate tensile strength mnst not be less than 57,000 pounds and 
not more than 63,000 pounds; and no single pwEA to^sS. *ssi« ^^s•^ 



tensile atrength than 57,000 pounda to the Bqnare inch, except plates for 
flanging and those naed in the constniotioii of the famacea, whiob 
will have an nltimate teaaile atreogth of Dot leu than 50,000 and of 
not more than 55,000 pounds, and a ductility in 8 inches of not leaa 
than 3y per cent. 

No steel for boilera which is to be worked at a heat or to beannealed 
after working in the boiler-ehopa, shall be annealed at the worka. 

The acceptance of material under these teats will not relieve the 
contractor from the noceasitf of making good any material which fails 
in working or may be rejected by the luapector. 



1. Each length of rongb forged shaft must liave a piece cat from it, 
at that end which waa nppprinost in the ingot, of aufllcient aiie to 
allow the reniovat of Hpccinieiio for teuaile test, parallel with the axis 
of the ahaft, having a measured length of 4 inches between reference 
marks anil of i square inch aectional area when finished. 

2. Prom the piece so removed four test pieces shall be taken, two at 
circnmference of flnisliod diameter and two at i radius from 
center. These pieces to lie broken in a machine of approved char- 
acter, nnder tlie aamu conditions as prescribed for "Teats of Steel for 

3. The nltimate tensile strength of the fonr pieces must be within 
the limits of 26 and 30 tons (of 2, 240 ponuda) per a<inare inch, and that 
of no Hiugle piece ma; fall below 25 tons. Pieces showing greater 
tenaile strength than 30 tons will be accepted, provided the required 
ductility nuil other testa are salistleil. Tlie ilnctility of no piece at 
onter radius may be lesBlfaaii20percent.,aDd thatof iiopleceal inner 
radius leas than 16 per cent., in the measured length of 4 inches. 

4. Kara i inch thick, cut at the outer ratlins, must stand bending 
doul)le to an inner diameter of 1| inches after common quenching in 
water from a low cherry-roil temperature. 

5. Pieces cut from the roogh forged ahaft for test may uot be sub- 
jected to any subaenoeut treatment or process. 

6. luspeetors of ateel shafting shall have fall faoitities to assure 
themselvea <if the general good quality of the metal and of a satis- 
factory method of manufacture, and may reject any piece considered to 
be defective in quality or fabrication, Vi\\.ViOTAT%%'M*i.\»'CB«'%'w»R*^'*^ 
teaU. 
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TBST OF STBEL CABTINaS. 
All steel oaatingB ore to Utisfy the following oonditions : 
Tenaile atrength to be between 60,000 and 70,000 ponnde pei square 

inch of CTOHa-aectioD. 
Extension is 8 inohea of length to be at least 10 pec cent- 
Bars of the same metal 1 inch square should be capable of bending 

cold withoatfiraotnre through an angle of 90° over a radina not great«i 

than Ij inches. Test pieces ace to be taken bom each impoctAUt 

oaating. 
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